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PERFORMANCE EVAULATION OF BACTERIOLOGICAL CULTURE MEDIA
CHAPTER I  
INTRODUCTION
E v a lu a tio n s  o f  d ia g n o s t ic  l a b o r a to r ie s  th ro u g h  p ro f ic ie n c y  
t e s t i n g  programs hav e  r e v e a le d  u n s a t i s f a c to r y  p erfo rm ance  in  m icro ­
b io lo g y  (B a rn e tt  e t  a t . ,  1 9 7 2 ). A n a ly s is  o f  th e  d a ta  su g g es ted  th a t  
th e  su b stan d ard  p erfo rm an ce  may b e  p a r t i a l l y  a t t r i b u t e d  to  i n f e r i o r  
c u l tu r e  m edia. T h is  c o n c lu s io n  i s  supp o rted  by s tu d ie s  showing th a t  
c u l tu r e  media used by d ia g n o s t ic  m icro b io lo g y  l a b o r a to r i e s  d is p la y  
a w ide ran g e  o f  re s p o n s e  when in o c u la te d  w ith  s ta n d a rd iz e d  c u l tu r e s  
(B arry  and F eeney , 1967).
Most l a b o r a to r i e s  now u s e  com m ercial d e h y d ra te d  p re p a ra t io n s  
and packaged en rich m en ts  f o r  th e  p re p a ra t io n  o f  c u l t u r e  m edia r a th e r  
th a n  th e  b a s ic  in g r e d ie n ts  s p e c i f i e d  in  th e  o r ig i n a l  fo rm u la s . W hile 
th e  m ajor m a n u fa c tu re rs  o f  m edia components h av e  a c t i v e ,  in - p l a n t  
q u a l i ty  c o n t ro l  p rogram s, d i s t r i b u t i o n  o f  u n s a t i s f a c to r y  p ro d u c ts  has 
o ccu rred  (Read and R eyes, 1 9 68). F u rtherm ore , p ro d u c ts  o f  s a t i s f a c t o r y  
q u a l i ty  may be m ish an d led  by th e  la b o ra to ry ,  r e s u l t i n g  in  a d e f e c t iv e  
f in is h e d  p ro d u c t (V era , 1 9 7 1 a ).
S e v e ra l so u rc e s  o f  e r r o r  in  c u l tu r e  m edia p r e p a r a t io n  w ere 
i d e n t i f i e d  and o th e r  v a r i a b l e s  b e lie v e d  to  a f f e c t  m edia q u a l i ty
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su g g es ted  by V era (1971a) and D ifco  (1974). T hese v a r ia b le s  have 
been assem bled  as  c h e c k l i s t s  f o r  u se  by media p r e p a r a t io n  f a c i l i t i e s .  
B arry  and Fay (1972) v a l id a te d  some media p r e p a ra t io n  g u id e l in e s  
b u t o th e r s  rem ained unproven .
Methods fo r  m easuring  th e  s u i t a b i l i t y  o f  p re p a re d  media w ere 
d e sc r ib e d  by S tokes (1 9 6 8 ), Cowan and S te e l  (1965, p . 133) and o th e r s .  
These m ethods u s u a l ly  in c lu d ed  b o th  o b se rv a tio n  o f  th e  re sp o n se  when 
th e  m edia w ere in o c u la te d  w ith  known c u l tu r e s  and p h y s ic a l  and chem ical 
m easurem ents. However, th e  r e l a t io n s h ip  betw een th e  p h y s ic a l and 
chem ica l m easurem ents and grow th re sp o n se  was n o t in d ic a te d .
The p re s e n t  r e s e a rc h  was u n d e rta k en  to :  (1 ) d ev e lo p  and 
e v a lu a te  methods f o r  m easurem ent o f  th e  q u a l i ty  o f  b a c t e r io lo g ic a l  
c u l tu r e  m edia s u i t a b l e  f o r  u se  by sm all l a b o r a to r i e s ,  (2 ) u se  th e se  
m ethods to  m easure th e  v a r i a b i l i t y  o f  m edia in  u s e  by s e v e ra l  a re a  
m ic ro b io lo g y  l a b o r a to r i e s ,  (3) e s t a b l i s h  s ta n d a rd s  o f  a c c e p ta n c e  fo r  
v a r ia b le s  m easured , and (4) exam ine th e  d a ta  f o r  c o r r e l a t i o n  between 
grow th re sp o n se  and o th e r  o b je c t iv e  m easurem ents.
CHAPTER I I  
REVIEW OF THE LITERATURE
E f f e c t s  o f  D e fe c t iv e  C u ltu re  Media 
on L a b o ra to ry  P ro f ic ie n c y  
A lthough  w ide v a r i a t i o n  in  b o th  s k i l l s  and f a c i l i t i e s  in  
a p p lie d  m ic ro b io lo g ic a l  l a b o r a to r i e s  p ro b a b ly  e x i s t s ,  docum en ta tio n  
o f  d i f f e r e n c e s  in  th e  perfo rm ance l e v e l s  betw een l a b o r a to r i e s  r e q u ir e s  
th e  u se  o f  o b je c t iv e  p ro f ic ie n c y  m easurem ent sy s tem s . Such system s 
have now been  i n s t i t u t e d  by th e  C e n te r  f o r  D ise a se  C o n tro l (CDC) 
fo r  s t a t e  and f e d e r a l  l a b o r a to r i e s  and l a b o r a to r i e s  l i c e n s e s  under 
th e  C l in ic a l  L a b o ra to ry  Improvement A c t, by th e  Food and Drug 
A d m in is tra tio n  f o r  m ilk  and food l a b o r a t o r i e s ,  th e  C o lle g e  o f  A merican 
P a th o lo g is ts  f o r  s u b sc r ib in g  d ia g n o s t ic  l a b o r a to r i e s  and o th e rs  
(CDC, n . d . ) .  R esponses by th e  p a r t i c i p a t i n g  l a b o r a to r i e s  in d i c a te  
t h a t  p erfo rm ance  in  m ic ro b io lo g y  h as  b een  g r o s s ly  in a d e q u a te .  For 
exam ple, a  su rv ey  by th e  L a b o ra to ry  Q u a l i ty  Com m ittee o f  th e  Oklahoma 
S ta te  M edical A s s o c ia t io n  (B a rn e t t  e t  _al. ,  1972) found 3 3 .3  p e r  c e n t 
o f  m ic ro b io lo g ic a l  t e s t  v a lu e s  from  sm a ll h o s p i t a l  l a b o r a to r i e s  
t e c h n ic a l ly  u n a c c e p ta b le  and 2 9 .2  p e r c e n t  m e d ic a lly  m is le a d in g . The 
q u a l i ty  o f  perfo rm an ce  was even l e s s  s a t i s f a c t o r y  i n  o f f i c e  la b o ra ­
t o r i e s  w ith  4 3 .5  p e rc e n t o f  23 v a lu e s  b o th  t e c h n ic a l ly  u n a c c e p ta b le
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and m e d ic a lly  m is le a d in g .
C r i t iq u e s  o f p ro f ic ie n c y  t e s t  specim en perfo rm ance  have  
f r e q u e n t ly  in c r im in a te d  d e f e c t iv e  c u l t u r e  m edia as  a  m a jo r so u rc e  o f  
e r r o r .  Lack o f  su ccess  in  th e  re c o v e ry  o f  c e r t a in  e n t e r i c  pa thogens 
and C o rynebac terium  d ip h th e r ia e  was a t t r i b u t e d  by th e  CDC (1969a) to  
d e f e c t iv e  a g a r  p l a t e  i s o l a t i o n  m e d ia . They p o in ted  o u t t h a t  im proper 
o r  p ro lo n g ed  s to ra g e  o f  s e l e c t i v e  and d i f f e r e n t i a l  a g a r  p l a t e s  cou ld  
r e s u l t  i n  e v a p o ra tio n  o f  th e  aqueous p h ase , cau s in g  a  change in  th e  
d e l i c a t e  b a la n c e  o f i n h i b i t o r s .  Such changes would s h i f t  t h e  l i m i t s  
o f  d i f f e r e n t i a t i o n  and a f f e c t  th e  r e c o v e ry  r a t e .  I n  a  s im i l a r  r e p o r t  
d is c u s s in g  th e  i s o l a t i o n  o f  b e ta  h e m o ly tic  s t r e p to c o c c i  on b lo o d  a g a r ,  
CDC (1970) n o te d  th a t  an  im proper h yd rogen  ion  c o n c e n tr a t io n  a n d /o r  
e x c e s s iv e  d e x tro s e  c o n c e n tra t io n  i n  th e  b lood  a g a r  co u ld  a l t e r  th e  
ex p ec ted  h em o ly tic  re sp o n se .
D i f f e r e n t i a t i o n  o f  p u re  c u l tu r e s  by th e  u se  o f  tu b e d  b io ­
ch em ica l t e s t  media may a ls o  f a i l  d u e  to  d e f e c t iv e  m ed ia . The CDC 
(1969c; 1969d) re p o r te d  t h a t  5 p e rc e n t  o f  th e  p a r t i c i p a t i n g  la b o ra ­
t o r i e s  f a i l e d  to  d e te c t  th e  p ro d u c tio n  o f  in d o le  w hich r e s u l t e d  in  
e rro n eo u s  c l a s s i f i c a t i o n  o f  i s o l a t e s .  Use o f m edia d e f i c i e n t  in  
try p to p h a n e  a n d /o r  c o n ta in in g  e x c e s s iv e  fe rm e n tab le  c a rb o h y d ra te s  
w ere m en tioned  as p o s s ib le  c a u s e s ,  a s  was f a i l u r e  to  a llo w  a f r e e  
exchange o f  g ases  by u s e  o f  a g a s  perm eab le  c lo s u r e .  S e v e ra l  la b ­
o r a t o r i e s  w ere  u n su c c e s s fu l in  t h e  i d e n t i f i c a t i o n  o f  C lo s tr id iu m  
p e r f r in g e n s  in  a n o th e r  s e r i e s  o f  sam ples (CDC, 1969b). F o r ty - th r e e  
p e rc e n t  o f  th e  p a r t i c ip a t in g  l a b o r a to r i e s  f a i l e d  to  o b se rv e  storm y
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fe rm e n ta t io n  o f  m ilk  by t h i s  o rg an ism . V a r ia t io n  betw een l o t s  o f  
m ilk  was c i t e d  as  a p o s s ib le  s o u rc e  o f  e r r o r .  To co n firm  p ro p e r 
m edia f u n c t io n ,  p r e te s t in g  o f each  m edia p ro d u c tio n  b a tc h  was 
su g g e s te d .
The CDC (1969c) a t t r i b u t e d  some problem s w ith  th e  i d e n t i f i ­
c a t io n  o f  b a c t e r i a  in  p ro f ic ie n c y  t e s t  specim ens to  la c k  o f  u n i ­
fo rm ly  a c c e p te d  s ta n d a rd  c o n d i t io n s  f o r  d i f f e r e n t i a l  t e s t s .  H eat 
to le r a n c e  o f  th e  e n te ro c o c c i ap p ea red  to  v a ry  d i r e c t l y  w ith  th e  
hydrogen  io n  c o n c e n tra t io n  o f t h e  m edia in  w hich th e y  w ere grown, 
b u t th e  pH o f  th e  t e s t  m edia was n o t s p e c i f i e d .
P ro p e r ly  fo rm u la ted  m edia may f a i l  due to  im proper p ack ag in g . 
The CDC (1969d) re p o r te d  numerous in s ta n c e s  o f  f a l s e  p o s i t i v e  
u t i l i z a t i o n  o f  c i t r a t e  t e s t  r e s u l t s  in  p ro f ic ie n c y  t e s t  spec im ens. 
C o n tam in a tio n  o f  th e  m edia w ith  ca rb o n  th ro u g h  th e  u s e  o f  u n c le a n  
g la s sw a re  was su g g es ted  as a p o s s ib le  c a u se . E rroneous c o n f ig u r a ­
t i o n  o f  th e  b u t t  and s l a n t  o f  t r i p l e  su g a r i r o n  a g a r  and ly s in e  
i r o n  a g a r  w ere  a ls o  m entioned a s  p o s s ib le  so u rces  o f  i d e n t i f i c a t i o n  
e r r o r s .
However, madia perfo rm ance may be u n ju s t l y  blamed f o r  la b ­
o r a to r y  p ro b lem s. Two la b o r a to r i e s  f a i l e d  to  d e te c t  Hemophilus 
in f lu e n z a e  i n  p ro f ic ie n c y  t e s t  specim ens p rep a red  by B arry  and 
B ernsohn (1 9 6 8 ). In  c o n t r a s t ,  t h e  s t r a i n  grew w e ll on sam ples 
o f  c h o c o la te  a g a r  from th e  two l a b o r a to r i e s  in  m edia q u a l i ty  c o n tro l  
t e s t s  perfo rm ed  by th e  same a u th o r s .
P re p a ra t io n  o f  C u ltu re  Media 
B e fo re  developm ent o f com m ercial s o u rc e s ,  a l l  c u l t u r e  m edia
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w ere p re p a re d  from in g r e d ie n ts  by each s e p a ra te  la b o ra to r y .  The form u­
la t i o n s  in  u s e  f r e q u e n t ly  s p e c i f i e d  f r e s h  in fu s io n s  and e x t r a c t s  w hich 
w ere p re p a re d  in  th e  la b o ra to ry  " k i tc h e n ."  The n u t r i t i v e  v a lu e  o f  
th e s e  m a te r ia ls  v a r ie d  from b a tc h  to  b a tc h  due to  v a r i a t i o n  in  th e  
q u a l i ty  o f  th e  meat used  (W adsworth, 1947, p . 16 8 ). W hile such  in g r e ­
d ie n ts  c o n tin u e d  to  b e  s p e c i f i e d  fo r  some a p p l ic a t io n s ,  many fo rm u la ­
t io n s  began to  c a l l  f o r  more p r e c i s e ly  d e f in e d  com ponents such a s  pep­
to n es  o r  co m p le te ly  s y n th e t ic  in g r e d ie n ts  (V era and Dumoff, 1974, 
p . 88 3 ). R e g a rd le ss  o f  th e  re f in e m e n t o f  th e  in d iv id u a l  m edia compo­
n e n ts  u se d , p r e p a ra t io n  o f  c u l tu r e  m edia from in g r e d ie n ts  s t i l l  had  
th e  d is a d v a n ta g e s  o f  r e q u ir in g  e x te n s iv e  la b o r  i n  p r e p a ra t io n  and poor 
r e p l i c a b i l i t y  in  c u l tu r e  r e s u l t s  (S m ith , 1973b).
F r o s t  (1910) su g g es ted  th e  m a rk e tin g  o f  d eh y d ra ted  c u l t u r e  
media as  a  means to  re d u c e  la b o r  and im prove r e p l i c a b i l i t y .  Commercial 
p ro d u c tio n  o f  such p r e p a ra t io n s  was p io n e e red  by D ifco  L a b o ra to r ie s  in  
1915 (D ifc o , 1953, p . 1 5 ) . O th er com panies fo llow ed  and in  1974 th e  
CDC l i s t e d  6 p ro d u cers  o f  d e h y d ra te d  b a c te r io lo g ic a l ,  c u l t u r e  m edia 
(Lew is, 19 7 4 a). The ad v an tag es  o f  th e s e  p ro d u c ts  have become so w id e ly  
acc ep ted  t h a t  Okey and W a lte r  (1972, p . 48) s p e c i f i c a l l y  recommended 
th a t  no m edia be  p rep a red  from  b a s ic  in g r e d i e n ts .  The u s e  o f  com m ercial 
d eh y d ra ted  m edia became, in  e f f e c t ,  com pulsory  f o r  S tan d a rd  M ethods 
Agar s in c e  th e  p r o d u c t iv i ty  t e s t s  r e q u ire d  by th e  A m erican P u b lic  
H ea lth  A s s o c ia t io n  (Okey and W a lte r , 1972, p . 64) a r e  o n ly  p r a c t i c a l  
f o r  ex trem ely  la rg e  p ro d u c tio n  l o t s .  M ech an iza tio n  o f  p ro d u c tio n  
m ethodology has  f u r th e r  reduced  th e  la b o r  o f  p r e p a ra t io n  (H adder, 1964;
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Llbman ^  a l . ,  1972) .
W hile d eh y d ra ted  m edia have  p roven  t h e i r  w o rth , th e y  may, on 
o c c a s io n , b e  d e f e c t iv e .  Read and Reyes (1968) found s u b s t a n t i a l  v a r i a ­
t i o n  betw een  s e v e ra l  m a n u fa c tu re rs ' l o t s  o f  b r i l l i a n t  g re e n  a g a r i n  th e  
a b i l i t y  to  su p p o r t th e  grow th o f  S a lm o n e lla . B ranson (1971) re p o r te d  th e  
i s o l a t i o n  o f  B a c i l lu s  from d eh y d ra ted  s e l e n i t e  b r o th .  F u rth e rm o re , r e ­
c o n s t i tu te d  b r a in  h e a r t  in fu s io n  m edia used  in  h e r  la b o ra to r y  to  c u l tu r e  
s p in a l  f l u i d  was found to  c o n ta in  s i g n i f i c a n t  numbers o f  n o n -v ia b le  
g ra m -n e g a tiv e  s ta in in g  ro d s . A d i r e c t  sm ear from  a  s p in a l  f lu id  c u l tu r e  
in  t h i s  m edia co u ld  have  e a s i l y  le d  to  an  e rro n eo u s  r e p o r t .
Many la b o r a to r ie s  now p u rc h a se  a p a r t  o r  a l l  o f  t h e i r  c u l tu r e  
m edia as c o m p le te ly  p rep ared  tu b e s  o r  p l a t e s .  The CDC l i s t e d  33 known 
m ajo r p ro d u c e rs  o f  p rep a red  m edia i n  1974 (L ew is, 197 4 a). O ther vendors 
o p e ra t in g  on a  sm all s c a le  w ere r e p o r te d ly  p r o l i f e r a t i n g .
P re p a re d  m edia has s e v e ra l  a d v a n ta g e s , p a r t i c u l a r l y  fo r  th e  
sm all la b o r a to r y .  D ehydrated  p ro d u c ts  t h a t  a r e  r e a d i ly  r e c o n s t i tu te d  
in to  f in i s h e d  m edia a r e  n o t a v a i l a b l e  f o r  some m edia fo rm u la tio n s  o r 
r e c o n s t i t u t i o n  may be d i f f i c u l t .  V era (1971a) p o in te d  o u t th a t  im proper 
r e c o n s t i t u t i o n  from s a t i s f a c t o r y  m a te r ia l s  may r e s u l t  i n  an  u n s a t i s f a c ­
to r y  f in i s h e d  p ro d u c t. T h is  r i s k  i s  compounded by th e  low s k i l l  le v e l  
o f  many m edia p ro d u c tio n  p e rso n n e l (F odo r, 1968).
B a rry  and Fay (1972) m easured th e  q u a l i ty  o f  m edia produced 
when commonly a c c e p te d  g u id e l in e s  o f  m edia p r e p a ra t io n  w ere  in t e n t io n ­
a l l y  v io l a t e d .  They r e p o r te d  t h a t  d e h y d ra te d  S a lm o n e lla  S h ig e l la  (SS) 
m edia s to r e d  in  in a d e q u a te ly  s e a le d  c o n ta in e r s  g a in e d  4 .4  p e rc e n t in  
w eig h t due to  a b s o rp tio n  o f  m o is tu re .  Media p re p a re d  from  t h i s  m a te r ia l
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was in o c u la te d  w ith  m u l t ip le  d i l u t i o n s  o f  s a lm o n e lla e . The y ie ld  was 
22 p e rc e n t o f  th e  number which grew  on SS p la te s  p re p a re d  from  p ro p e r ly  
s to re d  d e h y d ra te d  m edia. D ehydra ted  m edia t h a t  was w e ll  s e a le d  b u t 
exposed to  l i g h t  was a l s o  found t o  d e t e r i o r a t e ;  o n ly  47 p e rc e n t o f  th e  
sa lm o n e lla e  w ere  reco v e red  com pared to  th e  c o n t r o l s .  A s im i la r  r e ­
d u c t io n  in  th e  grow th o f  S tre p to c o c c u s  pyogenes on b lo o d  a g a r  was 
ob served  to  r e s u l t  from e x c e s s iv e  h e a t in g  d u r in g  s o lv a t io n  o f  dehy­
d ra te d  b lood  a g a r  b a s e . In  r e c o g n i t io n  o f  such p rob lem s, B la i r  
(1970, p. 10) recommended t h a t  l a b o r a to r i e s  shou ld  u s e  p re p a re d  media 
u n le s s  th e y  had s u f f i c i e n t  p e rso n n e l and f a c i l i t i e s  f o r  p ro p e r  p re ­
p a r a t io n  and q u a l i ty  c o n t ro l  t e s t i n g .
As l a b o r a to r ie s  began to  expand t h e i r  u se  o f  p re p a re d  m edia, 
q u e s tio n s  w ere r a is e d  re g a rd in g  t h e  q u a l i ty  o f  th e  p u rch ased  p ro d u c ts . 
N agel and Kunz (1973) perform ed q u a l i t y  c o n t ro l  t e s t s  on 900 l o t s  o f  
46 d i f f e r e n t  p rep a red  m edia r e p r e s e n t in g  350 ,000 u n i t s .  Only 1 .9  p e r­
c e n t o f  th e  l o t s  w ere found to  b e  d e f e c t iv e ,  and m ost o f  th e  d e f e c ts  
would h av e  been  v i s i b l y  a p p a re n t t o  th e  a n a ly s t  a t  th e  b en ch . They 
concluded  t h a t  p r e te s t in g  o f q u a l i t y  c o n t ro l le d  co m m erc ia lly  p rep a red  
m edia was n o t r e q u ir e d .
In  c o n t r a s t ,  B a r t l e t t  (1973) r e p o r te d  s e v e ra l  in s ta n c e s  o f  
d e f e c t iv e  p rep a red  m edia p u rch ased  by h i s  la b o r a to r y .  He recommends 
u s in g  th e  r e s u l t s  o f m edia q u a l i t y  c o n t ro l  t e s t i n g  g e n e ra te d  o v er an  
ex tended  p e r io d  o f  tim e  in  th e  la b o ra to r y  to  d e f in e  a  freq u en cy  and 
scope o f  t e s t i n g  f o r  each ty p e  o f  medium. U sing t h i s  in fo rm a tio n , 
m edia h i s t o r i c a l l y  shown to  b e  o f  c o n s i s t e n t ly  good q u a l i t y  would n o t 
be  t e s t e d  a s  r ig o r o u s ly  as  m edia found to  have a  h ig h  r a t e  o f  d e f e c t s .
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D e fe c t iv e  p re p a re d  m edia h a s  been  r e p o r te d  by th e  CDC (1 9 7 4 a ) . S e v e ra l 
l o t  numbers o f  b lo o d  c u l t u r e  medium in  vacuum b o t t l e s  p roduced  by D ifco  
L a b o ra to r ie s  w ere found to  b e  co n tam in a ted  w ith  B a c i l lu s  sp p . These 
m ight h av e  escaped  th e  n o t i c e  o f  th e  u s in g  la b o ra to r y  s in c e  some b o t t l e s  
found to  c o n ta in  co n ta m in a tin g  o rgan ism s showed no v i s i b l e  t u r b i d i t y .
Methods f o r  M o n ito rin g  Media Q u a li ty  
In  acc o rd an ce  w ith  th e  g e n e ra l  t r e n d  tow ard a p p l i c a t io n  o f  
q u a l i ty  c o n t ro l  p r in c ip le s  to  m ic ro b io lo g ic a l  a n a ly s e s ,  r e c e n t  p ro ced u res  
m anuals w r i t t e n  f o r  th e  d ia g n o s t ic  m ic ro b io lo g is t  u s u a l ly  su g g e s t some 
form o f  m edia m o n ito rin g  in  t h e i r  recom m endations f o r  q u a l i t y  c o n t ro l  
(Vera and Dumoff, 1974, p . 886; B a r t l e t t ,  1968). T hese recom m endations 
u s u a l ly  p ro v id e  f o r  in o c u la t io n  w ith  known c u l tu r e s  and o th e r  t e s t s  
such a s  m easurem ent o f  hydrogen  io n  c o n c e n tr a t io n .  However, s p e c i f i c  
p ro ced u res  f o r  perfo rm ance o f  such  t e s t i n g  a r e  r a r e l y  in c lu d e d .
A lthough  s e v e ra l  a u th o rs  h av e  su g g es ted  m ethods f o r  c h a lle n g in g  
ag a r p l a t e  m edia w ith  l i v e  o rg a n ism s , s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  
betw een th e  m ethods su g g e s te d . Some in d i c a te  a  p re fe re n c e  f o r  q u a l i ­
t a t i v e  t e s t i n g .
H a ls te a d  ^  a l .  (1 9 7 1 ), R u s s e l l  e t  £ l .  (1 9 6 9 ), Sm ith and 
S a n d lin  (1969) and Vera (1 9 7 la )  d e s c r ib e d  q u a l i t a t i v e  m ethods w herein  
s e le c te d  o rgan ism s w ere in o c u la te d  and th e  r e s u l t s  re c o rd e d  a s  growth 
o r  ab sen ce  o f  g row th . H a ls te a d  e t  a l .  recommended in o c u la t io n  w ith  
m ix tu re s  o f  s t r a i n s  w h ile  th e  o th e r s  im p lie d  th e  u s e  o f  p u re  c u l tu r e s .  
S in ce  p a th o g en s a r e  u s u a l ly  p r e s e n t  in  sm all q u a n t i t i e s ,  R u s s e l l  e t  a l . 
recommended l i g h t  in o c u la t io n  w ith  th e s e  o rg an ism s. G r i f f i n  and Vera 
(1969) s p e c i f i c a l l y  commended th e  q u a l i t a t i v e  ap p ro a c h . They a s s e r te d
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t h a t  q u a l i t a t i v e  in o c u la t io n  was s u p e r io r  s in c e  i t  r e a l i s t i c a l l y  dup­
l i c a t e d  th e  a c tu a l  u s e  o f  m edia, i t  would b e t t e r  d i f f e r e n t i a t e  a c c e p ta b le  
from u n a c c e p ta b le  l o t s  and was f a s t  and p r a c t i c a l .  I t  was t h e i r  f u r t h e r  
o p in io n  th a t  s in c e  t h e r e  w ere few s ta n d a rd s  f o r  q u a n t i t a t i v e  d a t a ,  
i n t e r p r e t a t i o n  o f  co lo n y  co u n ts  a s  a  m easure  o f  m edia q u a l i ty  w ould b e  
d i f f i c u l t .
C o n v e rse ly , S to k es  (1968, p . 300) su g g e s te d  th a t  q u a l i t a t i v e  
t e s t i n g  would d e t e c t  o n ly  g ro ss  d i f f e r e n c e  and th u s  fav o red  q u a n t i t a t i v e  
in o c u la t io n  and i n t e r p r e t a t i o n .  She recommended th e  u s e  o f  th e  m ethod 
o f  M iles and M isra  (1938) fo r  making s u r f a c e  v i a b l e  co u n ts  o f  s e r i a l  
d i l u t io n s  o f  th e  t e s t  o rgan ism s, c i t i n g  ad v a n ta g e s  o f  a c c u ra c y , 
s im p l ic i ty  and economy o f  m edia. I n  t h i s  p ro c e d u re , up to  e ig h t  c a l i ­
b ra te d  d ro p s o f  th e  d i l u te d  su sp e n sio n s  w ere a llo w ed  to  im pinge on 
d i f f e r e n t  a re a s  o f  th e  s u r fa c e  o f  t h e  p l a t e  t o  b e  t e s t e d .  Colony c o u n ts  
w ere th e n  made on each o f  th e  a re a s  c o n ta in in g  d i s c r e t e  c o lo n ie s  from  
w hich v ia b le  c o u n ts  o f  th e  inoculum  cou ld  th e n  b e  com puted.
For q u a l i t y  c o n t r o l  o f Transgrow  and T hayer M artin  c u l t u r e  
m edia, Lewis (1971a, I 9 ? lb ,  1972) recommended in o c u la t io n  w ith  a  
s in g le  optimum d i l u t i o n  o f  each o f  s e v e r a l  o rg an ism s. T hese optimum 
d i l u t io n s  w ere made so t h a t  a  loop  o f  th e  su sp e n s io n  would y ie ld  a 
c o u n ta b le  number o f  c o lo n ie s  when sp re a d  o v er th e  s u r fa c e  o f  a  p l a t e  
o f  u n h ib i to ry  m ed ia . Samples from b o th  p rechecked  and unknown l o t s  o f  
th e  s e l e c t i v e  m edia w ere th en  im p lan ted  w ith  a  s im i la r  inoculum  and 
th e  r e s u l t i n g  co lo n y  co u n ts  reco rd ed  and com pared. However, no s p e c i f i c  
s ta n d a rd  o f  a c c e p ta n c e  was in d ic a te d .  Com parison o f  new l o t s  w ith  
a c c e p te d  l o t s  i s  a l s o  recommended by H arding  (1965) and V era ( l 9 7 l a ) .
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S e v e ra l r e c e n t  s tu d ie s  in  w hich a g a r  p l a t e  c u l t u r e  m edia w ere 
e i t h e r  e v a lu a te d  o r  compared a l s o  u t i l i z e d  q u a n t i t a t i v e  m ethods which 
a r e  a d a p ta b le  fo r  u s e  in  q u a l i ty  c o n t r o l  e f f o r t s .  In  t h e i r  s tu d y  o f  
v a r i a t i o n  betw een m a n u fa c tu re rs ' p ro d u c tio n  lo t s  o f  b r i l l i a n t  g reen  
a g a r .  Read and Reyes (1968) s u r f a c e  p la te d  m easured a l i q u o t s  o f  s e r i a l  
d i l u t i o n s  o f  p u re  c u l tu r e s .  F o llo w in g  in c u b a tio n ,  th e  r e s u l t a n t  
c o lo n ie s  w ere  coun ted  and th e  p ro d u c tio n  l o t s  com pared s t a t i s t i c a l l y .
In  t h e i r  r e p o r t  on m edia m o n ito r in g  p ro c e d u re s , B arry  and Feeney (1967) 
found th e  s u r f a c e  p l a t e  co u n t to  b e  a s u i t a b l e  te c h n iq u e  f o r  a ssay  o f  
media q u a l i t y .  Wun ^  a l  (1972) s u c c e s s f u l ly  u t i l i z e d  th e  s u r fa c e  
p la t e  co u n t f o r  a ssa y  o f s e r i a l  d i l u t i o n s  o f  th e  g row th  from  enrichm ent 
b ro th s  in  t h e i r  e v a lu a tio n  o f  new p la t i n g  m edia.
F u r th e r  q u a n t i t a t io n  o f  th e  g row th  r e s u l t i n g  from  th e  above p ro ­
ced u re s  can  b e  o b ta in e d  by m easurem ent o f  co lony  d ia m e te r .  Such 
m easurem ents w ere employed by S to k es  (1971) and B arry  and Feeney (1 9 6 7 ). 
These a u th o rs  a l s o  re c o rd e d  co lo n y  c h a r a c t e r i s t i c s  and changes in  th e  
su rro u n d in g  medium.
A gar p la te s  a r e  o r d in a r i l y  ju d g ed  by th e  a b i l i t y  o r  i n a b i l i t y  
o f  a  s in g le  b a c te r iu m  to  t h r i v e  and m u l t ip ly ,  u s u a l ly  accom panied by 
c h a r a c t e r i s t i c  t r a i t s  in  th e  r e s u l t i n g  co lony  a n d /o r  i t s  im m ediate 
su rro u n d in g s . Colony developm ent i s  f r e q u e n t ly  in f lu e n c e d  by th e  
p re se n c e  o f  n earb y  com peting c o lo n ie s  o f  th e  same o r  d i f f e r e n t  s p e c ie s .
The s i t u a t i o n  i s  much d i f f e r e n t  w ith  tu b e d  b io c h em ic a l t e s t  media w h ere in  
th e  a c t i v i t y  d e r iv e s  from in o c u la t io n  w ith  m u l t ip le ,  p resum ably  i d e n t i c a l ,  
o rg an ism s. H ere , th e  re s p o n s e  i s  th e  sum o f  th e  e n t i r e  inoculum  popu­
l a t i o n  o p e ra t in g  c o l l e c t i v e l y  and o b se rv ed  as  a s in g l e  q u a l i t a t i v e  o r
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s e m i-q u a n t i ta t iv e  e v e n t .  For t h i s  r e a s o n , methods s u i t a b l e  f o r  moni­
to r in g  th e  q u a l i ty  o f  a g a r  p l a t e  m edia a r e  in a p p ro p r ia te  f o r  e v a lu a tin g  
tubed  b io ch em ica l t e s t  m edia.
S e v e ra l in v e s t ig a to r s  have s tu d ie d  th e  q u a l i ty  o f  tubed  b io ­
chem ical t e s t  m edia. A ll  in o c u la te d  th e  tu b e s  w ere e v a lu a te d  w ith  
known sp e c ie s  in  th e  same manner in  w hich th e y  a r e  c u s to m a r ily  u se d . 
However, th e r e  was some v a r i a t i o n  in  th e  number o f  t e s t  s t r a i n s  u sed . 
Smith and S a n d lin  (1969) used fo u r  c u l tu r e s  f o r  t e s t i n g  K l i g l e r 's  i r o n  
a g a r  and ly s in e  i r o n  a g a r  w h ile  o n ly  one, P r o te u s , was u t i l i z e d  f o r  u re a  
m edia. H ere, th e  r e s u l t s  w ere reco rd ed  a s  th e  tim e  re q u ire d  fo r  i n i t i a ­
t i o n  o f  th e  h y d ro ly s is  o f  u re a  as ev idenced  by developm ent o f  a red  
c o lo r  r a th e r  th a n  sim ply  p o s i t iv e  o r  n e g a t iv e  a f t e r  a f ix e d  in c u b a tio n  
tim e . The CDC (1972b) and R u s s e ll  ^  a l .  (1969) recommended two 
d i f f e r e n t  c u l tu r e s  b e  used w ith  each ty p e  o f  m edia in  o rd e r  to  p ro v id e  
b o th  p o s i t i v e  and n e g a t iv e  c o n t r o l s .  In  t h e i r  e v a lu a tio n  o f  b io c h e m ic a l 
m edia, H a ls te a d  e t  a l .  (1971) reco rd ed  one o f  th r e e  f in d in g s  on each 
sam ple; i . e . ,  a c c e p ta b le ,  u n a c c e p ta b le  and in te rm e d ia te  to  w hich th e y  
a ss ig n e d  v a lu e s  o f  2 , 0 and 1 , r e s p e c t iv e l y .  These v a lu e s  w ere accumu­
la te d  to  g iv e  a q u a n t i t a t i v e  t o t a l  s c o re  f o r  t h a t  m edia. The sc o re s  
cou ld  th e n  b e  g r a p h ic a l ly  d isp la y e d  o r  o th e rw is e  c o l la te d  so as to  
re v e a l  q u a n t i t a t i v e  t r e n d s .
M edia E v a lu a tio n  by M on ito rin g  th e  
Hydrogen Ion  C o n c e n tra tio n
Need f o r  pH C o n tro l 
The r e l a t i o n s h i p  between hydrogen  io n  c o n c e n tra t io n  (pH) and
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grow th o f  b a c t e r i a  was f i r s t  e lu c id a te d  by Sorenson in  h i s  s tu d ie s  o f  
f a c to r s  l im i t in g  b a c t e r i a l  grow th  in  c u l t u r e  media ( c i t e d  by D avis 
e t  a i l . , 1967, p . 1 3 6 ). C la rk  and Lubs (1917) showed t h a t  pH changes 
w hich o ccu r in  a  m a tu rin g  c u l tu r e  co u ld  b e  c o n t ro l le d  by add ing  b u f f e r ­
ing  s a l t s  to  th e  medium.
Media pH v a lu e s  may b e  m a n ip u la te d  so as to  fa v o r  a  s p e c i f i c  
grow th re s p o n s e . S in ce  o p tim a l pH v a r i e s  w ith  th e  s p e c ie s ,  s e l e c t io n  
o f  a  pH more f a v o ra b le  to  one h as  been  u sed  to  enhance i s o l a t i o n  from 
mixed c u l t u r e s .  For exam ple, a c id  t o l e r a n t  fu n g i a re  c u l tu r e d  on low 
pH m edia w h ile  a l k a l in e  m edia a r e  used  f o r  th e  v ib r io  group vdiich th r i v e  
a t  a  h ig h  pH. M etab o lic  end p ro d u c ts  u s e f u l  f o r  c h a r a c te r i z a t i o n  o f  a 
s t r a i n ,  such a s  to x in  p ro d u c tio n  by C orynebacterium  d i p h t e r i a e , may 
r e q u i r e  c a r e f u l  pH c o n t ro l  (Hermann and Bickham, 1974, p. 13 0 ).
A lthough  th e  need f o r  pH c o n t r o l  i s  w e ll e s ta b l i s h e d ,  e f f e c t i v e  
pH management has been a  c o n t in u in g  problem . E a r ly  d i f f i c u l t i e s  c e n te re d  
around problem s in  m easurem ent s in c e  o n ly  c o lo r im e tr ic  m ethods w ere 
a v a i la b l e  to  th e  m ic r o b io lo g is t .  P ro g re s s iv e ly  g r e a t e r  a c c e p ta n c e  o f  
com m ercial d eh y d ra ted  c u l tu r e  m edia was accom panied by an im provement 
in  q u a l i t y ,  in c lu d in g  a  g r e a t e r  u n ifo rm ity  in  th e  pH o f th e  m edia. 
However, s ta te m e n ts  by m edia m a n u fa c tu re rs  such as  "A djustm ent o f  th e  
r e a c t io n  o f  th e  medium i s  n o t r e q u i r e d ."  found in  th e  opening  pages o f  
th e  u b iq u i to u s  D ifco  manual (D ifc o , 1953, p . 22) u n d o u b ted ly  le a d s  to  
an u n w arran ted  a c c e p ta n c e  by many m ic ro b io lo g is ts  o f  s ta t e d  r e c o n s t i ­
tu te d  p ro d u c t pH v a lu e s .
F a i l u r e  to  m a in ta in  p ro p e r pH c o n t ro l  may have many s e r io u s  
c o n seq u en ces . In  h e r  d is c u s s io n  o f  f a c to r s  in f lu e n c in g  zone s i z e  in
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a n t i b i o t i c  s e n s i t i v i t y  t e s t s ,  S to k e s  (1 968 , p . 181) in d ic a te d  t h a t  zone 
d ia m e te r  v a r ie d  d i r e c t l y  w ith  pH w ith  some a n t i b i o t i c s  and in v e r s e ly  
w ith  o th e r s .  F a u lty  pH a d ju s tm e n t was s a id  to  b e  one o f  th e  e ig h t  m ajo r 
c a u se s  o f  d e f e c t iv e  m edia by th e  CDC (1 9 6 9 a ) . Sm ith and S a n d lin  (1969) 
found t h a t  S a lm onella  would p ro d u c e  a t y p i c a l  r e a c t io n s  on x y lo s e  l y s in e  
d u l c i t o l  (XhD) ag a r u n le s s  t h e  pH was c a r e f u l ly  c o n t r o l l e d .  In  s tu d ie s  
o f  v a r i a t i o n  in  th e  grow th o f  E s c h e r ic h ia  c o l i  on e o s in  m ethy lene b lu e  
(EMB) a g a r ,  P a r i s !  and M arsik  (1969) a t t r i b u t e d  w i th in  p la te  v a r i a t i o n  
in  co lo n y  c h a r a c t e r i s t i c s  to  v a r i a t i o n  i n  pH. They b e lie v e d  th a t  th e  
o b se rv ed  v a r i a t i o n  was cau sed  by  uneven c o o lin g  o r  in a d e q u a te  m ixing 
d u rin g  p r e p a ra t io n  o f  th e  p l a t e s .  W hile s tu d y in g  th e  e f f e c t s  o f  l i g h t  
on c u l t u r e  m edia, W aterw orth  (1969) found th a t  th e  d e g re e  o f  in h i b i to r y  
e f f e c t s  induced  by l i g h t  was f u n c t i o n a l l y  r e l a t e d  to  th e  pH o f  th e  
m ed ia . Samples o f  o x id a t iv e - f e r m e n ta t iv e  medium, n o te d  to  g iv e  f a l s e  
n e g a t iv e  r e s u l t s  w ith  P a s t u r e l l a  m u l to c id a , w ere found to  have an 
e x c e s s iv e ly  h ig h  pH (C la s s e r  e t  a l . ,  1 9 7 1 ). F o llo w in g  a d ju s tm en t o f  
th e  pH, th e  m edia perform ed a s  e x p e c te d . K a rls tro m  e t  a l .  (i960 ) 
in d ic a te d  th a t  ad eq u a te  pH m o n ito r in g  w ould h av e  p rev en ted  th e  low 
p a th o g en  i s o l a t i o n  r a t e  th e y  e x p e r ie n c e d  u s in g  d e f e c t iv e  SS and b ism u th  
s u l f i t e  a g a r s .  Even th e  a fo re m e n tio n e d  D ifco  m anual p o in ted  ou t t h a t  
an  im proper pH may i n h i b i t  c r i t i c a l  m e ta b o lic  p ro c e s s e s  even though 
g row th  may occu r (D ifc o , 1953, p . 1 7 ) .
P h y s ic a l changes may a l s o  fo llo w  f a i l u r e  to  m a in ta in  a p ro p e r 
pH. A d e c re a s e  in  pH may h a s te n  th e  h e a t  d e s t r u c t io n  o f  th e  j e l l i f y i n g  
p r o p e r t i e s  o f  a g a r  (P e rk in s ,  1954, p . 6 9 8 ) .
These r e p o r ts  s e rv e  to  p o in t  o u t  th e  d i v e r s i f i e d ,  somewhat
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u n p re d ic ta b le  consequences o f  f a i l u r e  to  c o n tro l  th e  pH o f  b a c t e r i o l o g i ­
c a l  c u l tu r e  m edia.
C auses o f  I n c o r r e c t  pH
The m ost f r e q u e n t ly  c i t e d  s o u rc e s  o f  pH e r r o r  a r e  th o s e  d e r iv in g  
from changes o c c u rr in g  d u r in g  s o lv a t io n  o f  dry  in g r e d ie n ts  by h e a t in g  
and s t e r i l i z a t i o n .  O v erh ea tin g  i s  r e p o r te d  to  r e s u l t  in  a r e d u c t io n  in  
m edia pH (V era , I9 7 lb )  a lth o u g h  B la i r  (1970, p . 806) p o in te d  o u t t h a t  
m edia c o n ta in in g  b ic a rb o n a te  may become more a l k a l in e  due to  l i b e r a t i o n  
o f  ca rb o n  d io x id e . S te w a rt (1974) r e p o r te d  th a t  h e a t in g  m edia w ith  a 
pH o f  l e s s  th a n  6 .0  o r  g r e a t e r  th a n  8 .0  w i l l  d r iv e  th e  pH tow ard  
n e u t r a l i t y .  In  th e  S tan d a rd  M ethods f o r  th e  E xam ination  o f  W ater and 
W astew ater (American P u b lic  H e a lth  A s s o c ia t io n ,  1971) i t  i s  n o te d  th a t  
changes d u rin g  a u to c la v in g  v a ry  w ith  th e  in d iv d u a l s t e r i l i z e r  and w ith  
th e  b u f f e r in g  c a p a c ity  o f  th e  m edia b u t o r d in a r i ly  ran g e  from  0 .1  to  0 .2  
pH u n i t s .  B u rn e tt _et (1957, p . 39) re p o r te d  t h a t  th e  pH may drop  
as much as 0 .4  pH u n i t s  w ith  some m ed ia . R e -a u to c la v in g  w i l l  r e s u l t  in  
a f u r t h e r  pH s h i f t  (H ard in g , 1 9 6 5 ).
E r ro rs  in  pH may b e  in tro d u c e d  by m a te r ia ls  u sed  in  m edia p re ­
p a r a t io n .  B la i r  (1970, p . 807) p o in te d  o u t th e  e r r o r  i n  m edia pH i n ­
tro d u c e d  by th e  u se  o f  d i s t i l l e d  w a te r  wiiich had become a c id  due to  
a b s o rp t io n  o f  a tm o sp h eric  ca rb o n  d io x id e .  Chambers e t  a l .  (1962) 
r e p o r te d  t h a t  th e  pH o f  d i s t i l l e d  w a te r  p rep a red  from ta p  w a te r  av erag ed  
6 .2 .  The Oxoid manual (O xoid, 1971, p . 17) in d ic a te s  t h a t  a l k a l i n e  g la s s  
c o n ta in e r s  used  in  th e  p r e p a r a t io n  o f  m edia may be  r e s p o n s ib le  f o r  a 
d r i f t  i n  pH.
Some c a rb o h y d ra te s  and am ino a c id s  in d u ce  changes in  pH when
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added to  b a s a l  m edia (D ifc o , 1953, p . 187) (Edwards and Ewing, 1972, 
p . 3 4 4 ). T h e re fo re , th e  f i n a l  m edia pH m ust be  a d ju s te d  fo r  each 
a d d i t iv e .
V era and Dumoff (1974, p . 884) p o in te d  o u t t h a t  m edia p rep ared  
from  d e h y d ra te d  media s to r e d  in  c o n ta in e r s  t h a t  have been  opened fo r  
some tim e  may e x h ib i t  a  pH d i f f e r e n t  from m edia p re p a re d  from f r e s h ly  
opened c o n ta in e r s .  F u rth e rm o re , a f t e r  m edia a r e  p re p a re d , pH changes 
may o c c u r d u r in g  s to r a g e ,  p a r t i c u l a r l y  i f  th e  s to r a g e  te m p e ra tu re  i s  
above 25°C (Bunker and S chuber, 1922; O xoid, 1971, p . 1 7 ).
M easurement Methods
E f f e c t iv e  m o n ito rin g  o f  pH a s  an  in d e x  o f  m edia s u i t a b i l i t y  r e ­
q u ire s  an  a c c u ra te  method o f  pH m easurem ent. Of th e  s e v e r a l  methods 
a v a i l a b l e  to  th e  m ic ro b io lo g is t ,  th e  c o lo r im e t r ic  and th e  e le c t ro m e tr ic  
a r e  th e  m ost commonly u se d .
The c o lo r im e tr ic  method ta k e s  ad v an tag e  o f  th e  p ro p e n s ity  o f  a 
c l a s s  o f  chem ica l compounds to  v a ry  in  c o lo r  when in  s o lu t io n s  o f  
d i f f e r e n t  hydrogen  io n  c o n c e n tr a t io n s  in  a  p r e d ic ta b l e  way. T h is  method 
was f i r s t  p re se n te d  as  a p r a c t i c a l  to o l  by C la rk  and Lubs (1917) and 
r e f in e d  by M edalia (1920 ). Bunker and Schuber (1922) u t i l i z e d  th e s e  
m ethods to  develop  recommended pH le v e ls  f o r  s e le c te d  m edia based  on 
e v a lu a t io n  o f  grow th a t  d i f f e r e n t  pH l e v e l s .  C la r k 's  1928 p u b l ic a t io n  
^ich rev ie w s  th e  e n t i r e  s u b je c t  o f  pH m easurem ent and c o n t ro l  rem ains 
th e  d e f i n i t i v e  work on c o lo r im e t r ic  m ethods. S ubsequen t a u th o rs  have 
d e s c r ib e d  m ethods fo r  c o lo r im e t r ic  m easurem ent in  l e s s  d e t a i l  (W adsworth, 
1947, p . 103; Cohen, 1957, p. 72; Okey and W a lte r , 1972, p . 50) bu t
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t h e i r  d e s c r i p t i o n s  may be  o f  g r e a t e r  v a lu e  to  t h e  p r a c t i c i n g  m icro­
b i o l o g i s t  due t o  t h e i r  r e l a t i v e  c u r r e n c y .
S e v e ra l  c o n s id e r a t io n s  have  l e d  to  t h e  d e c l i n i n g  u s e  o f  c o l o r i ­
m e t r ic  p ro c e d u re s .  V a r ia t io n  i n  p r o t e i n  and s a l t  c o n c e n t r a t i o n s  i n  
t h e  media a r e  known to  produce v a r i a n t  pH v a lu e s  (Lamanna and M a l l e t t ,  
1959, p . 134 ) .  F u r th e rm o re ,  u s e  o f  t h e  te c h n iq u e  p r e s e n t s  p a r t i c u l a r l y  
d i f f i c u l t  problems w ith  c o lo re d  media and media c o n ta in in g  s o l i d i f y i n g  
a g e n ts  and t h e  i n d i c a t o r  i t s e l f  may a l t e r  t h e  pH o f  p o o r ly  b u f fe re d  
sam ples . The commonly used  c o lo r  b lo c k  te c h n iq u e  c o n ta in s  an in h e r e n t ,  
u n a v o id a b le  e r r o r  due to  t h e  re q u ire m e n t  f o r  s u b j e c t i v e  i n t e r p r e t a t i o n  
by th e  human eye. P a r t l y  f o r  t h e s e  r e a s o n s ,  c o l o r i m e t r i c  methods have  
been d e l e te d  as  au a c c e p ta b le  method o f  pH measurement i n  th e  13th 
e d i t i o n  o f  S tan d a rd  Methods f o r  th e  E xam ination  o f  W ater and Waste­
w a te r  (American P u b l ic  H ea lth  A s s o c i a t i o n ,  l 9 7 l ) . The adv en t o f  
r e l i a b l e ,  r e a s o n a b ly  p r ic e d  e l e c t r o m e t r i c  d e v ic e s  now p ro v id e s  an 
a c c e p ta b le  and , i n  many ways s u p e r i o r ,  a l t e r n a t i v e .
Many a u t h o r i t a t i v e  compendia o f  methods f o r  c u l t u r e  media 
p r e p a r a t io n  i n d i c a t e  a p r e f e r e n c e  f o r  e l e c t r o m e t r i c  measurement o f  pH 
( B l a i r ,  1970, p. 806; Vera, l9 7 lb ;  V era and Dumoff, 1974).  D e sp i te  
in c r e a s in g  u s e ,  pH m e te rs  a r e  n o t  d ev o id  o f  p i t f a l l s  f o r  t h e  u s e r .  
O p e ra to r  e r r o r  can be minimized by c a r e f u l  a t t e n t i o n  to  d i r e c t i o n s  
accompanying t h e  equipment coup led  w i th  a  f a m i l i a r i t y  w i th  th e  
p r i n c i p l e s  and a p p l i c a t i o n  o f  t h e  method such as  i s  found in  S tandard  
Methods f o r  t h e  E xam ination  o f  W ater and W astew ater (American P u b lic  
H ea lth  A s s o c i a t i o n ,  1971, p . 276),  F o r  example, Okey and W alte r  (1972, 
p. 149) p o in te d  o u t  t h a t  t h e  te m p e ra tu re  com pensa tor  f e a t u r e  o f  some
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pH m e te rs  does n o t  com pensate f o r  d i f f e r e n c e s  i n  te m p e ra tu re  betw een 
sample and b u f f e r .
F a i l u r e  t o  p ro p e r ly  s t a n d a r d i z e  t h e  pH m e te r  i s  a  common 
problem . W i l la rd  e t  a l .  (1965, p .  599) i n d i c a t e d  t h a t  two b u f f e r s  
shou ld  be  used  in  m e te r  s t a n d a r d i z a t i o n  t o  e n su re  p roper  f u n c t io n in g  
o f  th e  c e l l  assem bly and to  v e r i f y  c o n fo rm i ty  w i th  th e  t h e o r e t i c a l  
N e m s t  s lo p e .  The CDC (1972a) recommends t h a t  b u f f e r s  be used  a t  pH 
4 .0  and 7 .0 .  C o n v erse ly ,  i n s t r u c t i o n  m anuals  en c lo se d  w i th  IBC and 
Corning  pH m e te rs  recommend on ly  o n e .  The b u f f e r s  used f o r  s t a n d a r d i ­
z a t i o n  a r e ,  th e m s e lv e s ,  p o t e n t i a l  s o u rc e s  o f  e r r o r .  In  a d d i t i o n  to  t h e  
need f o r  p r o t e c t i o n  o f  b u f f e r s  from chem ica l  and m ic ro b ia l  c o n ta m in a t io n ,  
E l l i s  (1973, p . 12) recommended ch ec k in g  b u f f e r s  monthly w ith  a second 
pH m e te r .
A t h i r d  method o f  m easuring  pH o f  c u l t u r e  media i s  to  u se  pH 
s e n s i t i v e  p ap e r .  W hile d e te rm in a t io n s  a r e  easy  to  perform  w ith  such 
p ro d u c ts ,  th e y  p o sse ss  an  in h e re n t  im p r e c i s io n  t o  an even g r e a t e r  
d e g re e  than  th e  c o l o r i m e t r i c  methods from which th e y  d e r iv e .  B l a i r  
(1970, p. 806) p o in te d  ou t t h e  p o s s i b i l i t y  o f  i n a c c u r a t e  pH measurement 
due to  d e c o l o r i z a t i o n  o f  th e  i n d i c a t o r  when used  w i th  media c o n ta in in g  
red u c in g  a g e n t s .  S e l e c t i v e  s o r p t i o n  from t h e  sam ple by t h e  paper  may 
r e s u l t  i n  e rroneous  v a lu e s  (Cohen, 1957, p .  8 7 ) .
M onito r ing  o f  pH o f  media may b e  i n d i r e c t l y  accom plished  by 
exam ina tion  o f  t h e  c o l o r  o f  media c o n t a in in g  i n d i c a t o r s .  The BBL 
Q u a l i ty  C o n tro l  P rocedures  Manual ( B io q u e s t ,  1971) l i s t e d  c o l o r  as  one 
o f  t h e  p a ram eters  f o r  a c c e p ta n c e  o f  f i n i s h e d  (p re p a re d )  media f o r  
m a rk e t in g .
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F a c to r s  In f lu e n c in g  Measurement 
Vera (1971b) p o in te d  o u t  t h a t  a v a r i a t i o n  i n  pH r e a d in g s  may 
be  observed  i f  measurements a r e  made a t  d i f f e r e n t  t e m p e r a tu r e s .  In  a 
s tu d y  o f  media used  i n  d a i r y  m ic ro b io lo g y ,  W alte r  e t  a l .  (1970) found 
v a r i a t i o n  ran g in g  from 0 .1 4  to  0 .24  pH u n i t s  between m easurem ents made 
a t  25°C and th o s e  a t  45°C f o r  fo u r  media t e s t e d .  The recommended pH 
v a lu e  i s  no rm ally  u n d e rs to o d  to  be  t h e  pH a f t e r  a l l  p ro c e s s in g  i s  
com ple ted . B l a i r  (1970, p . 806) su g g es ted  t h a t  measurem ents co u ld  be 
made p r i o r  to  a u to c la v in g  once t h e  pH changes had been  d e te rm in e d  by 
e x p e r ie n c e .  Woods and Byers (1973) recommended check ing  each p ro ­
d u c t io n  b a tc h .  G e ld re ic h  (1972) i n d i c a t e d  t h a t  a f t e r  d e t e r m in a t io n  
o f  t h e  pH a d ju s tm e n t  r e q u i r e d  fo r  a b a tc h  p repared  from a  p a r t i c u l a r  
b o t t l e  o r  l o t  number, t h e  same ad ju s tm en t  cou ld  be  a p p l i e d  t o  media 
p rep a red  from t h e  b a la n c e  o f  t h e  b o t t l e  o r  l o t  w i th o u t  f u r t h e r  pH 
m easurem ent, p ro v id ed  t h a t  t h e  o th e r  c o n d i t io n s  o f  p r e p a r a t i o n  were 
n o t  changed.
C o r r e c t io n  o f  pH 
Media a r e  commonly a d ju s t e d  to  t h e  d e s i r e d  pH by t h e  a d d i t i o n  
o f  sodium h y d ro x id e  o r  h y d ro c h lo r i c  a c i d .  This c o r r e c t i o n  p ro c e s s  
i t s e l f  may in t r o d u c e  u n d e s i r a b l e  e f f e c t s .  Wadsworth (1947, p .  174) 
c a u t io n e d  t h a t  i n t e r a c t i o n  o f  a c id  and media may c a u s e  l o c a l  d e n a t u r i -  
z a t i o n  d u r in g  t h e  m ixing  p ro c e s s .  Media r e q u i r i n g  m a ss iv e  a d d i t i o n s  
o f  a c id  o r  a l k a l i  may be  u n s u i t a b l e  a f t e r  c o r r e c t i o n  due  to  a n  in c r e a s e  
i n  s a l t  c o n te n t  (V era , l 9 7 l a ) .
F o rm u la t io n  f o r  c u l t u r e  media f r e q u e n t ly  i n d i c a t e  an  a c c e p ta n c e  
ra n g e  o r  t o l e r a n c e  around th e  optimum pH v a lu e .  The ra n g e  o f  a c c e p ta n c e
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f o r  media l i s t e d  i n  th e  13 th  e d i t i o n  o f  S tan d a rd  Methods fo r  th e  
E xam ination  o f  D a iry  P ro d u c ts  (Okey and W a l te r ,  1972, p. 57) v a r i e d  
from + 0 .0  t o  + 0 .2 .  Some f o rm u la t io n s  d id  n o t  in c lu d e  any range  o f  
a c c e p ta n c e .  R e c e n t ly ,  some a u th o r s  h av e  su g g es ted  a g e n e ra l iz e d  
t o l e r a n c e  o f  + 0 .2  pH u n i t s  f o r  a l l  media ( B l a i r ,  1970, p. 806; V era, 
197 lb ; Woods and B y e rs ,  1973). The t o l e r a n c e  o f  + 0 .1 ,  form erly  
s p e c i f i e d  by t h e  U n ite d  S t a t e s  Pharm acopeia (U n ited  S ta t e s  Pharma- 
c o p e ia l  C onvention , 1965) was changed i n  t h e  1970 e d i t i o n  to  + 0 .2 .
Vera ( I9 7 la )  concluded  t h a t  + 0 .2  a l lo w s  f o r  r e a s o n a b le  v a r i a t i o n  in  
te c h n iq u e  and p ro d u c ts  w h i le  s t i l l  e l im i n a t in g  u n s a t i s f a c t o r y  media.
The American P u b l ic  H e a l th  A s s o c i a t i o n  (1971, p . 279) re p o r te d  t h a t  
when t h i r t y  l a b o r a t o r i e s  perform ed pH d e te r m in a t io n s  on a s y n th e t i c  
unknown o f  pH 7 .3 ,  t h e  s ta n d a rd  d e v i a t i o n  was 0 .13  pH u n i t s .  They 
concluded  th a t  +0 .1  u n i t s  r e p r e s e n t s  a  r e a s o n a b le  l i m i t  o f  accu racy  
u n d e r  normal c o n d i t i o n s .
W ater Used i n  t h e  P r e p a r a t io n  o f  C u l tu r e  Media
D i s t i l l e d  w a te r  has  been s p e c i f i e d  f o r  p r e p a r a t io n  o f  c u l t u r e  
media by co m p ile rs  o f  " s t a n d a rd  m ethods"  f o r  50 y e a r s  o r  more 
(Wadsworth, 1927; APHA, 1925). However, t e s t s  t o  e s t a b l i s h  i t s  
s u i t a b i l i t y  f o r  m ic r o b io lo g ic a l  a p p l i c a t i o n s  a r e  o f  r e l a t i v e l y  r e c e n t  
o r i g i n .
T e s t s  d e s ig n e d  to  m easure  t h e  s u i t a b i l i t y  o f  d i s t i l l e d  w a te r  
f o r  chem ical d e te r m in a t io n s  have been  d e s c r ib e d  by t h e  APHA (1971, 
p .  32 3 ) ,  Smith (1973a) and o t h e r s .  W hile  such t e s t s  a r e  u s e f u l ,  th e y  
a r e  in co m p le te  f o r  m i c r o b io l o g ic a l  a p p l i c a t i o n s .  P r e p a ra t io n  o f  q u a l i t y  
c u l t u r e  media r e q u i r e s  a s s u ra n c e  t h a t  t h e  d i s t i l l e d  w a te r  i s  f r e e  o f
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s i g n i f i c a n t  to x i c  r e s i d u e s  a s  w e l l  a s  low in  t o t a l  and s p e c i f i c  ions  
and conforms to  o th e r  p h y s i c a l  and ch em ica l  s t a n d a r d s .  P r i c e  and Gare 
(1959) r e p o r te d  t h a t  t r a c e s  o f  b a c t e r i o s t a t i c ,  v o l a t i l e ,  s h o r t  c h a in  
f a t t y  a c id s  can o c c u r  i n  d i s t i l l e d  w a te r .  Such con tam inan ts  may be 
caused  by d e g r a d a t io n  o f  b a c t e r i a  found i n  d i s t i l l e d  w a te r  (S tra n g e ,  
e t  a l . , 1961).
A s im ple  t e s t  to  m o n i to r  t h e  s u i t a b i l i t y  o f  d i s t i l l e d  w a te r  
was d e s c r ib e d  by t h e  American P u b l ic  H e a l th  A s s o c ia t io n  (1948, p. 89) 
i n  th e  9 th  e d i t i o n  o f  S ta n d a rd  Methods f o r  th e  Exam ination o f  D airy  
P ro d u c ts .  In  t h i s  p ro c e d u re ,  m ilk  sam ples a r e  d i l u t e d  1 :100 in  th e  
unknown w a te r  t h a t  has  been w eakly  b u f f e r e d  fo llow ed by p o u r - p la t in g  
im m ed ia te ly ,  and a f t e r  10, 20 and 30 m inu tes  t o  m easure t h e  v i a b l e  
b a c t e r i a l  c o u n t .  W ater was c o n s id e re d  t o x i c  i f  a d e f i n i t e  t r e n d  
toward low er co u n ts  was seen  a s  t h e  h o ld in g  tim e in c r e a s e d .  T h is  t e s t  
was observed  to  h av e  a t  l e a s t  two l i m i t a t i o n s .  F i r s t ,  t h e  m ilk  sample 
i t s e l f  and t h e  media i n t o  w hich  i t  was p la ced  p rov ided  an unknown, 
p robab ly  s i g n i f i c a n t ,  n e u t r a l i z i n g  e f f e c t  on to x i c  c o n s t i t u e n t s .
Second, th e  t e s t  would n o t  r e a d i l y  d e t e c t  n u t r i t i v e  con tam inan ts  in  
t h e  w a te r .  A more s e n s i t i v e  t e s t  was d e s i r a b l e .
In  1965, G e ld re ic h  and C la rk  r e p o r te d  on a method which they  
c a l l e d  t h e  d i s t i l l e d  w a te r  s u i t a b i l i t y  t e s t .  In  t h e i r  p ro ced u re ,  
E n te r o b a c te r  a e ro g e n es  was grown i n  a  minimal medium d is s o lv e d  in  u l t r a  
pu re  w a te r  and w a te r  o f  unknown q u a l i t y  and th e  r a t i o  o f  o rgan ism  p ro ­
l i f e r a t i o n  i n  t h e  two media com puted. Thus, i f  t h e  o rgan ism  grew more 
ab u n d an t ly  in  t h e  unknown w a te r ,  i t  was s a id  t o  c o n t a in  n u t r i e n t s .  
C o n v erse ly ,  i f  l e s s  grow th was n o te d ,  t h e  w a te r  was d e c la r e d  t o x i c .
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S tu d ie s  by Ronald and M orr is  (1967) i n d i c a te d  t h a t  w a te r  c o n ta in in g  
copper a p p ro x im a te ly  eq u a l  o r  g r e a t e r  th a n  10 p a r t s  p e r  b i l l i o n  would 
b e  c l a s s i f i e d  as  t o x i c  by t h i s  t e s t .
The d i s t i l l e d  w a te r  s u i t a b i l i t y  t e s t  was r e p o r te d  t o  be o v e r ly  
s e n s i t i v e  by some a u th o r s  (Ronald and M o rr is ,  1967). For t h i s  r e a s o n ,  
t h e  American P u b l ic  H ea l th  A s s o c i a t i o n  le s s e n e d  th e  s e n s i t i v i t y  o f  th e  
t e s t  by i n c r e a s in g  t h e  n i t r o g e n  so u rc e  when i t  was p u b l i sh e d  in  th e  
l 2 t h  e d i t i o n  o f  S tan d a rd  Methods f o r  t h e  E xam ination  o f  D airy  P roduc ts  
(1967).
Water p u r i f i e d  by passage  th rough  d e m in e ra l iz in g  r e s i n s  has  been 
used  as a  s u b s t i t u t e  f o r  d i s t i l l e d  w a te r  f o r  some t im e .  Concern about 
o rg a n ic  co n tam in an ts  i n  such w a te r  prompted w arn ings  r e g a rd in g  t h e  f r e e  
s u b s t i t u t i o n  o f  d e io n iz e d  f o r  d i s t i l l e d  w a te r  i n  th e  lO th  e d i t i o n  o f  
S tan d a rd  Methods f o r  t h e  E xam ination  o f  D airy  P ro d u c ts  (American P u b lic  
H e a l th  A s s o c i a t i o n ,  1953, p. 257 ) .  In  t h e  12 th  e d i t i o n  (American 
P u b l ic  H e a l th  A s s o c i a t i o n ,  1967, p .  4 1 ) ,  on ly  d i s t i l l e d  w a te r  was 
p e rm i t te d  f o r  t h e  p r e p a r a t i o n  o f  d i l u t i o n  b la n k s .
C le a n l in e s s  o f  r e s e r v o i r s  used  f o r  s t o r a g e  o f  p u r i f i e d  w a te r  
must a l s o  be g iv e n  p ro p e r  a t t e n t i o n .  In a d e q u a te ly  c le a n e d  g la s s w a re  
i s  a p o t e n t i a l  s o u rc e  o f  c o n ta m in a t io n  w ith  m icroo rgan ism s  and b a c t e r ­
i o s t a t i c  d e t e r g e n t  r e s id u e s  (T ru a n t ,  1974, p. 5 ) .
S tu d ie s  o f  " I n  Use" C u l tu r e  Media
A lthough l i m i t e d  s tu d ie s  have been made o f  c u l t u r e  media i n  u se  
by m ic r o b io lo g ic a l  l a b o r a t o r i e s ,  d e f i c i e n c i e s  i n  r e s p o n se  have been 
r e p o r te d  by s e v e r a l  i n v e s t i g a t o r s .  S tokes  (1967) found marked d i f f e r e n c e s  
i n  t h e  a b i l i t y  o f  d e s o x y c h o la te  c i t r a t e  a g a r  o b ta in e d  from f i v e  l a r g e
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h o s p i t a l s  to  su p p o r t  th e  growth o f  S h i g e l l a  s o n n e l . S im i la r  r e s u l t s  
w ere r e p o r te d  by B arry  and Feeney (1967) i n  a s tu d y  o f  samples o f  b lood  
a g a r  from s e v e r a l  sm all  h o s p i t a l  l a b o r a t o r i e s .  They no ted  d ram a tic  
d i f f e r e n c e s  between l a b o r a t o r i e s  i n  t h e  d e g re e  o f  hem o lys is  e l i c i t e d  
by b e t a  h e m o ly t ic  s t r e p t o c o c c i .  I n  th e  same r e p o r t ,  th e y  n o ted  t h a t  
d i f f e r e n c e s  i n  t h e  perform ance o f  Simmons' c i t r a t e  ag a r  and t r i p l e  
sugar i r o n  ag a r  s l a n t s  were c o r r e l a t e d  w ith  th e  co n fo rm a tio n  o f  th e  
s l a n t s .
I n  a  s tu d y  conducted  by t h e  Oklahoma S t a t e  Department o f  H ea lth  
(P a rso n s ,  1974) s i g n i f i c a n t  d i f f e r e n c e s  w ere  n o ted  in  th e  r e c o v e ry  r a te  
o f  N e i s s e r i a  gonorrhoeae  from c l i n i c a l  specim ens in o c u la te d  on t r a n s -  
grow c u l t u r e  media produced by two d i f f e r e n t  media p r e p a r a t io n  
f a c i l i t i e s .  Q u a l i ty  c o n t r o l  s t u d i e s  perform ed by Lewis (1974b) on 
samples from th e  two so u rces  re v e a le d  t h a t  one so u rc e  p re p a re d  b o t t l e s  
c o n ta in in g  in a d e q u a te  CO2 w h i le  th e  o t h e r  p rep a red  media which f a i l e d  
to  p ro p e r ly  i n h i b i t  t h e  growth o f  S taphy lococcus  e p id e r m id i s .
CHAPTER I I I  
MATERIALS AND METHODS
B a c t e r i a l  S t r a i n s
The e ig h t  b a c t e r i a  used  i n  t h e s e  s tu d i e s  w ere E n te ro b a c te r  
c lo a c a e  (ATCC 13047), E s c h e r ic h ia  c o l i  (ATCC 11775), P ro te u s  v u l g a r i s  
(ATCC 6 3 80) ,  Pseudomonas a e ru g in o s a  (ATCC 9721),  Sa lm onella  typhimurfum 
(ATCC 13311), S taphy lococcus  a u re u s  (ATCC 12600), S taphy lococcus  e p i d e r ­
m id is  (ATCC 14990),  and S t r e p to c o c c u s  pyogenes (ATCC 10384). These 
o rgan ism s,  m arke ted  under th e  t ra d e -m a rk  BACT-CHEK,^ w ere p rov ided  i n  
th e  form o f  s o l u b l e  d i s c s ,  t h r e e  t o  f i v e  m i l l i m e t e r s  i n  d ia m e te r .  The 
d i s c s  w ere packed i n  screw  capped, r e s e a l a b l e  v i a l s  c o n ta in in g  t h i r t y  
d i s c s ,  each c a p a b le  o f  i n i t i a t i n g  g row th . Each p ro d u c t io n  l o t  was 
a s s ig n e d  an  e x p i r a t i o n  d a t e .  Growth and m o rp h o lo g ica l  c h a r a c t e r i s t i c s ,  
b io c h em ic a l  a c t i v i t y  and a n t i b i o t i c  s u s c e p t i b i l i t y  d a t a  d e s c r ib e d  by 
t h e  m a n u fa c tu re r  f o r  each s t r a i n  have  been confirm ed  in  s tu d ie s  p e r ­
formed a t  t h e  CDC and a  p r i v a t e  l a b o r a to r y  (D ouglass e t  a l . ,  1973).
R eagen ts
The d i s t i l l e d  w a te r  used  f o r  th e  p r e p a r a t io n  o f  a l l  c u l t u r e  
media and r e a g e n ts  was t e s t e d  f o r  freedom from b o th  to x i c  and growth 
prom oting a g e n ts  as  d e s c r ib e d  l a t e r  i n  t h i s  c h a p t e r .  Reagent g rad e
^Roche D ia g n o s t i c s ,  N u tle y .  New J e r s e y
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chem ica ls  w ere used  i n  t h e  p r e p a r a t io n  o f  s o l u t i o n s  u n le s s  o th e rw is e  
s t a t e d .  C u l tu r e  media u sed  fo r  b a s e l i n e  purposes  w ere  p re p a re d  from 
d eh y d ra ted  com mercial p ro d u c ts  a c c o rd in g  to  d i r e c t i o n s  s t a t e d  i n  th e  
accompanying p ro d u c t  l i t e r a t u r e .
C u l tu r e  Media E xam ination  -  P r e l im in a ry  C o n s id e r a t io n s
S e l e c t i o n  o f  P a r t i c i p a t i n g  L a b o r a to r i e s  
The l a b o r a t o r i e s  s e le c te d  f o r  t h i s  s tu d y  a g re e d  to  p a r t i c i p a t e  
over  a p e r io d  o f  8 w eeks, be  a c c e s s i b l e  f o r  r e g u l a r  sam pling  and u se  
a c c e p ta b l e  b ran d s  and fo rm u la t io n s  o f  m edia .  The s e l e c t e d  l a b o r a t o r i e s  
employed a w ide r a n g e  o f  management and p r o d u c t io n  p r a c t i c e s  t h a t  might 
a f f e c t  media q u a l i t y  such as  s c a l e  o f  o p e r a t i o n ,  t r a i n i n g  o f  p e r s o n n e l ,  
f a c i l i t i e s  a v a i l a b l e ,  i n t e r e s t  i n  and s e n s i t i v i t y  to  q u a l i t y  c o n t r o l ,  
p a r t i c i p a t i o n  i n  e x t e r n a l  and i n t e r n a l  p r o f i c i e n c y  t e s t i n g  programs 
and m ora le  and i n t e r e s t  o f  p e r s o n n e l .  L a b o r a to r i e s  w ere  a l s o  s e l e c t e d  
so a s  to  p ro v id e  a  v a r i e t y  of ty p e s  o f  s p o n so r s h ip  ( p r i v a t e ,  f e d e r a l ,  
s t a t e ,  m i l i t a r y ,  c h u rc h ) ;  n a tu r e  o f  o p e r a t io n  ( h o s p i t a l ,  in d e p e n d e n t ,  
p u b l ic  h e a l t h )  and ty p e s  o f  m ic r o b io lo g ic a l  a c t i v i t y  ( d i a g n o s t i c  and 
a g r i c u l t u r a l ) . D e s c r ip t i o n s  o f  t h e  tw e lv e  l a b o r a t o r i e s  which were 
u l t i m a t e l y  s e l e c t e d  f o r  p a r t i c i p a t i o n  a r e  l i s t e d  i n  T ab le  1.
Media S tu d ie d
Media w i th  s i m i l a r  names and pu rp o ses  b u t  w i th  s i g n i f i c a n t l y  
d i f f e r e n t  f o rm u la t io n s  w ere examined s e p a r a t e l y  i n  o rd e r  to  m inim ize  
t h e  i n f l u e n c e  o f  f o rm u la t io n  on t e s t  r e s u l t s .  P ep to n es  from d i f f e r e n t  
m a n u fa c tu re r s  o f  a c c e p te d  e q u iv a le n c e  w ere  c o n s id e re d  eq u a l  f o r  purposes  
o f  t h i s  s tu d y .
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TABLE 1
TYPE OF LABORATORY FACILITIES SAMPLED
L ab o ra to ry
Code®
Type o f  Ownership 
and Management
Type o f  
O p e ra t io n
S iz e
C la ss
1 C o rp o ra t io n Independen t
C l i n i c a l
2 F e d e ra l G enera l
H o s p i ta l 400-500 Bed
3 S t a t e P u b l ic
H e a l th
4 S t a t e G enera l
H o s p i t a l 200-300 Bed
5 S t a t e G enera l
H o s p i t a l 100-200 Bed
6 M i l i t a r y G enera l
H o s p i ta l 100 Bed
7 C o rp o ra t io n G enera l
H o s p i t a l 100-200 Bed
8 Church G enera l
H o s p i t a l 100-200 Bed
9 Church G enera l
H o s p i t a l 300-400 Bed
10 C o rp o ra t io n Independen t
C l i n i c a l
11 C o rp o ra t io n G enera l
H o s p i t a l 100-200 Bed
12 P r i v a t e Independen t
A g r i c u l t u r a l
®Random n u m erica l  d e s ig n a t io n in  l i e u  o f  a c t u a l l a b o ra to r y  name
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F u r th e r  l i m i t a t i o n s  were imposed by t h e  ty p es  o f  organism s 
a v a i l a b l e .  Omission o f  th e  f a s t i d i o u s  b a c t e r i a  by th e  m a n u fa c tu re r  
o f  t h e  b a c t e r i a l  d i s c s  p rec luded  t h e  i n c l u s i o n  o f  media d es ig n ed  f o r  
t h e i r  i s o l a t i o n .  Blood c o n ta in in g  a g a r s  w ere n o t  in c lu d ed  due to  
t h e  h e t e r o g e n e i t y  o f  a g a r  b ases  and b lo o d s  employed by t h e  v a r io u s  
l a b o r a t o r i e s  th u s  p re v e n t in g  m ean ingfu l com parison o f  grow th r e s p o n s e .  
S in ce  s t a t i s t i c a l  a n a l y s i s  i s  p o t e n t i a t e d  by an in c re a s e  i n  th e  sam ple 
s i z e ,  p r e f e r e n c e  was g iv en  to  media i n  u s e  by s e v e ra l  l a b o r a t o r i e s .
For th e s e  r e a s o n s ,  media c o n s id e re d  to  be  most s u i t a b l e  f o r  t e s t i n g  
were th o s e  used  f o r  s tudy  o f  th e  e n t e r o b a c t e r i a c e a e  and s e l e c t i v e  media 
f o r  th e  p rim ary  i s o l a t i o n  o f  S ta p h y lo c o c c i .  Media m eeting th e s e  
c r i t e r i a  and th u s  in c lu d e d  f o r  t e s t i n g  w ere a s  in d ic a te d  in  T ab les  2 
and 3 f o r  a g a r  p l a t e  media and b io c h em ic a l  t e s t  media r e s p e c t i v e l y .  
N om enclature  used  i s  t h a t  most commonly employed by d ia g n o s t i c  
l a b o r a t o r i e s .
Sampling
The number o f  p l a t e s  and tu b e s  t e s t e d  was n e c e s s a r i l y  a compro­
m ise between i d e a l  ex perim en ta l  d e s ig n  and t h e  economic l i m i t s  imposed 
by p a r t i c i p a t i n g  l a b o r a t o r i e s .  Sample s i z e  s e le c te d  was f i v e  u n i t s  
o f  each ty p e  o f  a g a r  p l a t e  medium and t h r e e  to  fo u r  u n i t s  o f  each ty p e  
o f  tubed  b io c h e m ic a l  t e s t  medium p e r  sam ple.
Samples w ere  c o l l e c t e d  and t e s t e d  over  a p e r io d  o f  8 weeks.
Two l a b o r a t o r i e s  w ere sampled each week and t h e  o th e rs  b i -w e e k ly .  The 
number o f  ty p e s  o f  media o b ta in ed  v a r i e d  somewhat from week to  week 
depending on a v a i l a b i l i t y  a t  th e  t im e  o f  c o l l e c t i o n .  Samples w ere 
picked up on Tuesday o f  each week.
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TABLE 2 
AGAR PLATE MEDIA SAMPLED
C ata lo g  Number^
Connnon Medium Name D ifco BBL P f e i z e r
Egs i n  M ethylene Blue Agar (EMB) 0076 11214/5
E osin  M ethylene Blue Agar, 
L ev ine  (LEMB) 0005 11220/1
X ylose  L y s in e  D ecarboxylase  
Agar (XLD) 0788 11827/8
MacConkey Agar (MAC) 0075 11386/87
D esoxycho la te  Agar (DC) 0273 11149/50
S alm onella  S h ig e l la  Agar (S3) 0074 22596/7
B r i l l i a n t  Green Agar (BG) 0285 11072/3
Bismuth S u l f i t e  Agar (BS) 0073 11030/1
Hektoen E n te r ic  Agar (HE) 0853 243 B
S taphy lococcus  Medium llO  (S llO ) 0297 11646/7
M ann ito l S a l t  Agar (MSA) 0306 11406/7
^ M an u fac tu re rs '  s to c k  numbers accep ted as  e q u iv a le n t form ula-
t i e n s  f o r  t h i s  s tudy
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TABLE 3
BIOCHEMICAL TEST MEDIA SAMPLED
Medium
C ata lo g  Number^ 
D ifco  BBL
T r i p l e  Sugar I r o n  Agar (TSI) 0265 11748/9
K l i g l e r  I r o n  Agar (KIA) 0086 11316/7
L ysine  I ro n  Agar (LIA) 0849 11362/3
SIM Medium (SIM) 0271 11577/8
M o t i l i t y  T e s t  Medium (MOT) 0105 11435/6
Urea Agar (UA) 0283 11794/5
Simmons C i t r a t e  Agar (SC) 0091 11619/20
M oeller  D eca rb o x y la se ,  Base (MB) 0890 11429/30
M oeller  D eca rb o x y la se ,  Lysine  (ML) 0890 11429/30
M oelle r  D eca rb o x y la se ,  A rg in in e  (MA) 0890 11429/30
M oelle r  D eca rb o x y la se ,  O rn i th in e  (MO) 0890 11429/30
P h e n y la la n in e  Agar (PA) 0745 11536/7
^ M a n u fa c tu re r s '  s tock  numbers a c c e p te d  as 
purposes  o f  t h i s  s tu d y
e q u iv a le n t fo r
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E f f o r t s  w ere made to  i n s u r e  t h a t  each sam ple c o n s i s t e d  o f  
media from t h e  same p r o d u c t io n  b a t c h .  P ro d u c t io n  d a t a  r e q u e s te d  fo r  
each sample in c lu d e d  f o r m u la t io n ,  b ra n d ,  m a n u f a c tu r e r ' s  l o t  number and 
th e  d a t e  o f  p r e p a r a t io n  o f  f i n i s h e d  m edia.
The s ty ro foam  box u sed  f o r  sample t r a n s p o r t  was c o n s t r u c t e d  
w i th  0 .7 5  in c h  t h i c k  w a l l s  and a t i g h t  f i t t i n g  l i d .  T em pera tu re  was 
c o n t r o l l e d  by u s in g  fo u r  f r o z e n  Sno-Gel ty p e  r e u s a b l e  f r e e z e  pads 
w i th  pap er  i n s u l a t i o n  betw een sam ples and pad. P ro d u c t  te m p e ra tu re  was 
th u s  m a in ta in e d  between 1 and 6 d e g re e s  c e n t ig r a d e  d u r in g  t h e  a p p ro x i ­
m a te ly  0 .5  to  3 hours  i n  t r a n s i t .  Samples were r e f r i g e r a t e d  a t  1 t o  4 
d e g re e s  c e n t ig r a d e  u n t i l  t e s t i n g  was i n i t i a t e d  l a t e r  t h e  same day .
P erform ance E v a lu a t io n  o f  Agar P l a t e  Media
P r e p a r a t i o n  o f  Agar P l a t e s
Growth o f  d i s c r e t e  c o l o n ie s  r e q u i r e d  th e  developm ent o f  methods 
t o  p r e v e n t  c o a le s c e n c e  o f  i n o c u l a t i o n  f l u i d  dropped on th e  p l a t e  s u r f a c e .  
P h y s io lo g ic a l  s a l i n e  was t i n t e d  w ith  m ethy lene  b l u e  and dropped on to  
t h e  s u r f a c e  o f  t h r e e  ty p e s  o f  a g a r  p l a t e s  c o n ta in in g  v a ry in g  amounts o f  
w e t t in g  a g e n t s .  P la t e s  w ere  i n o c u la te d  b o th  d i r e c t l y  from th e  r e f r i g ­
e r a t o r  and a f t e r  p r e c o n d i t io n in g  by warming and d ry in g  th e  s u r f a c e  o f  
t h e  a g a r .  The l a t t e r  was accom plished  by p la c in g  t h e  p l a t e s ,  in v e r t e d  
and w i th  to p s  a j a r ,  in  a g r a v i t y  c o n v e c t io n  in c u b a to r ,  equipped w ith  
a  c o n v e n t io n a l  h u m id i f i e r  and m a in ta in e d  a t  a t e m p e ra tu r e  o f  35°C. 
R e s u l t s  showed t h a t  p r e c o n d i t io n in g  f o r  a minimum o f  one h o u r  was 
r e q u i r e d  to  p re v e n t  c o a l e s c e n c e  o f  t h e  d ro p s .  F u r th e rm o re ,  8 d i f f e r e n t
^ P l a s t i c  I c e  C o . ,  L o d i ,  C a l i f o r n i a
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i n o c u la t i o n  s i t e s  co u ld  be  accommodated by c a r e f u l  r u l i n g  o f  th e  bottom  
o f  th e  p l a t e  i n t o  a  r e c t a n g u l a r  g r i d  p a t t e r n .
Assembly o f  C u l t u r e  D isp e n se r  
An a p p a ra tu s  f o r  d is p e n s in g  s u s p e n s io n s  o f  organism s was 
assembled as  shown i n  f i g u r e  1. An a u to c la v e d  p o ly p ro p y len e  p r e c i s i o n  
dropping  p ip e t^  f i t t e d  w i th  a m e ta l  t i p ,  and d e s ig n e d  to  d e l i v e r  drops 
c o n ta in in g  0.025ml + 2 ,0  p e rc e n t  o f  a  s ta n d a rd  0 .85  p e rc e n t  s a l i n e  s o lu ­
t i o n ,  was used to  d is p e n s e  each s u s p e n s io n .  The p ip e t  was suspended 
from a r in g  s ta n d  u s in g  a b u r e t  clamp so t h a t  t h e  t i p  was 7 in c h e s  above 
a  beaker  c o n ta in in g  d i s i n f e c t a n t .  A 4 in c h  r in g  was a t ta c h e d  to  t h e  
s tand  2 .5  in ch es  below t h e  t i p  o f  t h e  p ip e t  t o  su p p o r t  th e  a g a r  p l a t e s .  
C on tro l  o f  th e  d rop  d e l i v e r y  r a t e  was m a in ta in e d  by conn ec tin g  th e  
p ip e t  mouth to  a Sage model 351 s y r in g e  pump‘d, f i t t e d  w ith  a lOml 
p l a s t i c  s y r in g e ,  w i th  amber l a t e x  ru b b e r  tu b i n g .  By u s e  o f  an a d j u s t ­
a b le  r a t e  c o n t r o l ,  t h e  a p p a ra tu s  c o u ld  be  made to  d e l i v e r  a t  any d e s i r e d  
r a t e  from l e s s  th a n  lO to  g r e a t e r  th a n  60 d ro p s  p e r  m inu te .  The pump 
was equipped w i th  a power sw itch  u sed  t o  i n t e r r u p t  drop d e l iv e r y  w h i le  
m a in ta in in g  t h e  b a c t e r i a l  s u sp e n s io n  i n  t h e  p i p e t .
I n o c u la t io n  o f  Agar P l a t e s  
B a c t e r i a l  su sp e n s io n s  were drawn i n t o  t h e  p ip e t  by m anually  
o p e ra t in g  t h e  p l a s t i c  s y r in g e .  The d i s p e n s in g  assem bly was a d ju s te d  
t o  d e l i v e r  drops o f  c u l t u r e  su sp e n s io n s  a t  a  co n v en ien t  r a t e .  P l a t e s
3Cooke E n g in e e r in g  Company, A le x a n d r ia ,  V i r g in i a
^ S c i e n t i f i c  P ro d u c ts  D iv is io n  o f  American H o s p i ta l  
Supply, McGaw P a rk ,  I l l i n o i s
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i n o c u la t i o n  s i t e s  co u ld  be  accommodated by c a r e f u l  r u l i n g  o f  t h e  bottom  
o f  th e  p l a t e  in t o  a  r e c t a n g u l a r  g r i d  p a t t e r n .
Assembly o f  C u l tu r e  D is p e n se r  
An a p p a ra tu s  f o r  d i s p e n s in g  s u sp e n s io n s  o f  organ ism s was 
assem bled as  shown i n  f i g u r e  1 . An a u to c la v e d  p o ly p ro p y le n e  p r e c i s i o n  
d ropp ing  p ip e t^  f i t t e d  w i th  a  m e ta l  t i p ,  and d e s ig n e d  to  d e l i v e r  d rops  
c o n ta in in g  0.025ml + 2 .0  p e rc e n t  o f  a  s ta n d a rd  0 .85  p e rc e n t  s a l i n e  s o lu ­
t i o n ,  was used  to  d i s p e n s e  each s u s p e n s io n .  The p ip e t  was suspended 
from a  r i n g  s ta n d  u s in g  a b u r e t  clamp so t h a t  t h e  t i p  was 7 in c h e s  above 
a b eak e r  c o n ta in in g  d i s i n f e c t a n t .  A 4 in c h  r in g  was a t t a c h e d  to  t h e  
s tan d  2 .5  in c h e s  below t h e  t i p  o f  t h e  p ip e t  to  s u p p o r t  t h e  a g a r  p l a t e s .  
C o n tro l  o f  t h e  drop  d e l i v e r y  r a t e  was m a in ta in ed  by c o n n e c t in g  th e  
p ip e t  mouth to  a Sage model 351 s y r in g e  pump^, f i t t e d  w i th  a 10ml 
p l a s t i c  s y r in g e ,  w i th  amber l a t e x  ru b b e r  tu b i n g .  By u s e  o f  an a d j u s t ­
a b l e  r a t e  c o n t r o l ,  t h e  a p p a ra tu s  cou ld  be  made to  d e l i v e r  a t  any d e s i r e d  
r a t e  from l e s s  th a n  10 to  g r e a t e r  th a n  60 d rops  p e r  m in u te .  The pump 
was equipped  w ith  a  power sw itch  used  t o  i n t e r r u p t  d rop  d e l i v e r y  w h i le  
m a in ta in in g  t h e  b a c t e r i a l  s u sp e n s io n  i n  t h e  p i p e t .
I n o c u la t i o n  o f  Agar P l a t e s
B a c t e r i a l  su sp e n s io n s  w ere drawn in t o  t h e  p ip e t  by m anually  
o p e r a t in g  t h e  p l a s t i c  s y r in g e .  The d i s p e n s in g  assem bly  was a d ju s t e d  
to  d e l i v e r  d rops  o f  c u l t u r e  s u sp e n s io n s  a t  a c o n v e n ie n t  r a t e .  P l a t e s
3Cooke E n g in e e r in g  Company, A le x a n d r ia ,  V i r g in i a
^ S c i e n t i f i c  P ro d u c ts  D iv is io n  o f  American H o s p i ta l  
Supply , McGaw P ark ,  I l l i n o i s
w
N3
F ig u re  1. Assembled c u l t u r e  d i s p e n s e r .
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were th e n  p la c e d  on th e  r in g  below t h e  p i p e t .  A drop o f  s u sp e n s io n  
was a llow ed to  im pinge on th e  s u r f a c e  o f  t h e  a g a r  a t  t h e  a p p r o p r i a t e  
g r id  l o c a t i o n .  D u p l ic a te  i n o c u l a t i o n s  o f  each su sp e n s io n  w ere made 
a t  d i s t a n t  p o in t s  on th e  p la c e  to  m in im ize  b i a s  due to  l o c a t i o n  and 
i n t e r a c t i o n  w ith  a d ja c e n t  i n o c u la t i o n  s i t e s .  A f te r  a l lo w in g  one hour 
f o r  a b s o rp t io n  i n t o  th e  media, th e  p l a t e s  w ere  i n v e r t e d .  D isp en s in g  
was accom plished  w i th in  two h o u rs  a f t e r  p r e p a r a t io n  o f  th e  s u s p e n s io n s .
In c u b a t io n  and E x am ina t ion  o f  Agar P l a t e s  
I n o c u la te d  ag a r  p l a t e s  w ere  in c u b a te d  fo r  24 hours  a t  35°C 
excep t t h a t  b ism u th  s u l f i t e  a g a r ,  m a n n i to l  s a l t  ag a r  and S tap h y lo co ccu s  
medium llO  were examined a f t e r  48 h o u rs  a t  35°C. I n o c u la t io n  s i t e s  
were examined u s in g  an American O p t i c a l  C y c lo p t ic  s t e r e o s c o p ic  m ic ro ­
scope, model 58M-1^, f i t t e d  w ith  t e n  power o c u la r  le n s e s  and 0 . 7 ,
1 .1 ,  1 .5 ,  2 .0  and 2 .5  power o b j e c t i v e  l e n s e s .  An American O p t i c a l  eye­
p ie c e  r e t i c l e ,  s t y l e  1406A^, was i n s t a l l e d  i n  t h e  r i g h t  o c u l a r  l e n s .
The r e t i c l e  was c a l i b r a t e d  f o r  each o f  t h e  f i v e  o b j e c t i v e  l e n s e s  to  
co n v e r t  r e t i c l e  u n i t s  to  m i l l i m e t e r s .  Colony coun ts  w ere made w here 
d i s c r e t e  c o l o n ie s  were observed . The co lo n y  d ia m e te rs  were r e c o rd e d  
in  m i l l i m e t e r s .  O ther colony c h a r a c t e r i s t i c s  such as  morphology, 
c o l o r ,  changes i n  th e  su rround ing  medium, ab sen ce  o f  g row th , c o n f lu e n t  
growth and a t y p i c a l  re sp o n ses  w ere r e c o r d e d .
P r e l im in a ry  S tu d ie s  
S tu d ie s  w ere  made to  e s t a b l i s h  t h e  optimum method f o r  r e c o n s t i ­
t u t i n g  t h e  t e s t  organism s so t h a t  t h e  r e s u l t i n g  su sp e n s io n  would y i e l d
^American O p t ic a l  Company, B u f f a lo ,  New York
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t h e  maximum d e n s i t y  o f  organism s i n  t h e  minimum tim e .  E ig h t  d i s c s  o f  
each t e s t  o rganism  w ere t r a n s f e r r e d  a s e p t i c a l l y  t o  s e p a r a t e  screw 
capped 13 x 100 mm tu b e s  c o n ta in in g  2ml o f  T r y p t i c a s e  ™  soy b ro th  
(TSB)^ and in c u b a te d  a t  35°C. f o r  4 h o u r s .  Two tu b e s  o f  each organism  
w ere removed a t  10, 30, 60 and 120 m in u te s .  One o f  t h e  p a i r  was 
a g i t a t e d  f o r  10 seconds and th e  o th e r  f o r  30 seconds on a S c i e n t i f i c  
I n d u s t r i e s  V ortex -G en ie  m ix e r .^  Fo llow ing  a g i t a t i o n ,  t h e  tu b e s  were 
r e tu rn e d  to  th e  in c u b a to r  f o r  t h e  b a la n c e  o f  th e  in c u b a t io n  p e r io d .
The r e s u l t i n g  growth was examined v i s u a l l y  fo l lo w in g  a g i t a t i o n  and 
a l s o  a f t e r  t h e  in c u b a t io n  was com ple ted .
S in ce  some knowledge o f  t h e  p ro b a b le  d e n s i t y  o f  t h e  r e c o n s t i ­
t u t e d  organism s was r e q u i r e d  f o r  s e l e c t i o n  o f  d i l u t i o n s ,  s t u d i e s  were 
made to  d e te rm in e  t h e  p o p u la t io n  o f  t h e  b a c t e r i a l  s u s p e n s io n s .  F iv e  
d i s c s  o f  each t e s t  o rgan ism  w ere d e p o s i t e d  i n  s e p a r a t e  tu b e s  c o n ta in in g  
2ml o f  TSB and p la ced  i n  t h e  in c u b a to r .  Each s u sp e n s io n  was a g i t a t e d  
a f t e r  10 m inu tes  and a g a in  fo l lo w in g  2 .5  hou rs  in c u b a t io n .  Ten fo ld  
s e r i a l  d i l u t i o n s  o f  t h e  organism s ra n g in g  from 10"^ to  10"^ w ere  p r e ­
pared  i n  s t e r i l e  0 .85  p e r c e n t  NaCl s o l u t i o n .  Drops o f  each d i l u t i o n  
w ere in o c u la te d  on to  t r y p t i c  soy a g a r  (TSA)® p l a t e s  and in c u b a te d  
f o r  24 ho u rs  b e f o r e  t h e  c o lo n ie s  d e v e lo p in g  in  each i n o c u l a t i o n  s i t e  
w ere co u n ted .
The r e p r o d u c i b i l i t y  o f  t h e  d rop  co lony count was s tu d ie d  in
^BBL, D iv is io n  o f  B io q u e s t ,  C o c k e y s v i l le ,  Maryland
^ S c i e n t i f i c  P ro d u c ts  D iv is io n  o f  American H o s p i ta l  
Supply , McGaw P a rk ,  I l l i n o i s
^D ifco  L a b o r a to r i e s ,  D e t r o i t ,  M ichigan
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o rd e r  to  m easure  t h e  d e g re e  o f  v a r i a t i o n  in t ro d u c e d  by th e  m ethodology. 
One d i s c  o f  each t e s t  o rgan ism  was r e c o n s t i t u t e d  and d i l u t e d  as  d e s c r ib e d  
above. Ten r e p l i c a t e  drop i n o c u l a t i o n s  o f  each o f  t h e  10"^ , 1Q“^ and 
10"6 d i l u t i o n s  w ere made on TSA and t h e  r e s u l t i n g  c o lo n ie s  coun ted .
Sample s i z e  l i m i t a t i o n s  r e q u i r e d  t h a t  t h e  maximum amount o f  
in fo rm a t io n  be  o b ta in e d  from a  sm a l l  number o f  p l a t e s .  P i l o t  samples 
o f  each o f  t h e  media to  be s tu d ie d  w ere  fu rn is h e d  by 2 o f  th e  p a r t i ­
c i p a t i n g  l a b o r a t o r i e s .  These p l a t e s  w ere in o c u la te d  w i th  10"^ th rough  
10”^ d i l u t i o n s  o f  t h e  8 t e s t  o rgan ism s and t h e  grow th fo l lo w in g  in c u ­
b a t io n  o b se rv ed  as  d e s c r ib e d  above .  T e s t  organism s and d i l u t i o n s  used  
f o r  t e s t i n g  w ere s e l e c t e d  based  on t h e  c h a r a c t e r  o f  grow th o r  absence  
o f  grow th o b se rv ed  compared w ith  th e  expec ted  re s p o n s e  o f  th e  media 
as  r e g a r d s  prom otion  and i n h i b i t i o n  o f  g row th .
E xam ina tion  o f  Samples 
Agar p l a t e  media c o l l e c t e d  from p a r t i c i p a t i n g  l a b o r a t o r i e s  
w ere in o c u la te d  t h e  same day c o l l e c t e d  u s in g  t h e  te c h n iq u e s  developed  
as  d e s c r ib e d  above . TSA p l a t e s  w ere p rep a red  by th e  w r i t e r  and 
in c lu d e d  w i th  each s e r i e s  o f  sam ples to  p ro v id e  a  r e f e r e n c e  co u n t .
E v a lu a t io n  o f  t h e  E f f e c t s  o f  Aging on Agar P l a t e  Media 
S ix  d i f f e r e n t  ty p e s  o f  a g a r  p l a t e  media w ere  examined fo r  
changes i n  r e s p o n s e  to  t e s t  o rgan ism s fo l lo w in g  p ro lo n g ed  s to r a g e .
Samples o f  media t h a t  had been s t o r e d  f o r  7 and 14 days i n  a r e f r i g e r a t o r  
a t  1 t o  4°C . w i th o u t  wrapping w ere  t e s t e d  s im u l ta n e o u s ly  a long  w ith  
f r e s h l y  p r e p a re d  m edia. Both t h e  f r e s h  and aged media w ere  fu rn ish e d  
by a p a r t i c i p a t i n g  l a b o r a to r y .  A ssay was perform ed as  d e s c r ib e d  above
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f o r  a g a r  p l a t e  m edia .
P e rc e n ta g e  w e ig h t  lo s s  was c a l c u l a t e d  f o r  t h e  aged p l a t e s  to  
p ro v id e  an  in d e x  o f  d e h y d ra t io n  d u r in g  s t o r a g e .  The w eigh t o f  each 
aged a g a r  p l a t e  was de te rm ined  im m ed ia te ly  fo l lo w in g  p r e p a r a t io n  and 
when examined. A f t e r  t e s t i n g ,  t h e  a g a r  was removed and th e  empty 
p l a t e  weighed t o  p ro v id e  a t a r e .
Perfo rm ance  E v a lu a t io n  o f  B iochem ical T es t Media 
S e l e c t i o n  o f  s p e c ie s  f o r  i n o c u l a t i o n  i n t o  b io ch em ica l  t e s t  
media was based  on recommendations a p p e a r in g  in  t h e  p roduc t  l i t e r a t u r e  
accompanying t h e  o rgan ism s. Where p o s s i b l e ,  organism s expec ted  to  
y i e l d  p o s i t i v e ,  n e g a t iv e  and i n t e r m e d i a t e  r e a c t i o n s  were in c lu d e d .
E ig h te e n  h o u r  s u b c u l tu r e s  on TSA s l a n t s  w ere p rep a red  from th e  
r e c o n s t i t u t e d  b a c t e r i a l  s u sp e n s io n s .  Growth from th e  ag a r  s l a n t  was 
e m u ls i f ie d  i n  s t e r i l e  0 .85 p e rc e n t  NaCl s o l u t i o n  when s u sp e n s io n s  w ere 
s p e c i f i e d  a s  th e  inoculum . B iochem ica l t e s t  media c o l l e c t e d  from th e  
p a r t i c i p a t i n g  l a b o r a t o r i e s  w ere  in o c u la t e d  a f t e r  o v e rn ig h t  s to r a g e  
a t  1 t o  4°C. Media w ere b ro u g h t to  room te m p e ra tu re  and in o c u la te d  
and in c u b a te d  a s  shown in  T ab le  4 .  C u l t u r e  r e s u l t s  were i n t e r p r e t e d  
as  in d i c a t e d  i n  T a b le  5 and t h e  r e s u l t s  r e c o rd e d .  D e v ia t io n s  from 
expec ted  a l t e r n a t i v e  p a t t e r n s  o f  m edia r e s p o n s e  were a l s o  n o te d .  I n  
g e n e r a l ,  methods f o r  th e  i n o c u l a t i o n ,  in c u b a t io n  and exam ination  o f  
b io ch em ica l  t e s t  media su g g es ted  by Edwards and Ewing (1972) w ere 
employed i n  t h i s  s tu d y .
E v a lu a t io n  o f  a  M od if ied  D eca rb o x y lase  Medium 
A m o d if ie d  d e c a rb o x y la se  medium proposed  by a p a r t i c i p a t i n g
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TABLE 4
INOCULATION AND INCUBATION PROTOCOL FOR BIOCHEMICAL TEST MEDIA
Medium Inoculum^ Method
Hours 
In cu b a ted  
a t  35°C.
TSI, KIA 
and LIA
A P la t in u m  w ire  s ta b  tw ic e  
to  t h e  b a s e  o f  t h e  b u t t  
and t h e  s l a n t  s t r e a k e d .
22
SIM A P la t in u m  w ire  s t a b  two- 
t h i r d s  o f  t h e  dep th  o f  
t h e  medium.
22
MOT A P la t in u m  w ire  s ta b  5mm 
i n t o  t h e  to p  o f  t h e  
medium.
22 and 48
UA AH P la t in u m  w ire  s t r e a k  
over  t h e  e n t i r e  s u r f a c e  
o f  t h e  s l a n t .
2 , 4 and 22
SC S P la t in u m  w ire  s ta b  to  
t h e  b a s e  o f  th e  b u t t  and 
t h e  s l a n t  s t r e a k e d .
22,48 and 
120
MB, ML, MA 
and MO
AL P la t in u m  w ire  s w ir le d  
i n  b r o t h  fo llow ed  by 
m in e ra l  o i l  o v e r la y .
22,48 and 
120
PA AH P la t in u m  w ire  s t r e a k  
over  t h e  e n t i r e  s u r f a c e  
o f  t h e  s l a n t .
22
^A i n d i c a t e s  from a g a r  s l a n t ,  S i n d i c a t e s  from su sp e n s io n ,  
H i n d i c a t e s  h eav y ,  L i n d i c a t e s  l i g h t .
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TABLE 5
INTERPRETATION OF BIOCHEMICAL TEST MEDIA RESPONSE
Medium
C h a r a c t e r i s t i c
Observed I n t e r p r e t a t i o n
TSI and 
KIA
B u t t  and S la n t^ Y ellow  c o lo r  i n d i c a t e s  a c id  (A) 
r e a c t i o n .  Red c o l o r  i n d i c a t e s  
a l k a l i n e  (K) r e a c t i o n .  B lacken ­
in g  i n d i c a t e s  H2S p r o d u c t io n .
LIA Butt*’ Yellow c o lo r  i n d i c a t e s  a c id  
r e a c t i o n .  P u rp le  c o lo r  i n d i ­
c a t e s  a l k a l i n e  r e a c t i o n .  B lack­
en ing  i n d i c a t e s  H2S p ro d u c t io n .  
Red c o lo r  i n d i c a t e s  o x i d a t i v e  
deam in a t io n  (R ) .
SIM M o ti l i ty * ’
H2S
In d o l
T u r b i d i ty  i n d i c a t e s  m o t i l i t y .  
B lacken ing  i n d i c a t e s  H2S p ro ­
d u c t io n .  Red c o lo r  fo l lo w in g  
a d d i t i o n  o f  Kovacs r e a g e n t  i n ­
d i c a t e s  in d o l  p ro d u c t io n .
MOT M o ti l i ty * ’ T u r b i d i ty  i n d i c a t e s  m o t i l i t y .
UA B u tt  and Slant*’ Red c o lo r  i n d i c a t e s  p ro d u c t io n  
o f  u r e a s e .
SC Growth, color*’ Growth, w i th  o r  w i th o u t  b lu e  
c o l o r ,  i n d i c a t e s  u t i l i z a t i o n  of 
c i t r a t e .
MB, ML, MA 
and MO
Color^ Yellow c o lo r  i n d i c a t e s  a c id  r e ­
a c t i o n .  P u rp le  c o lo r  i n d i c a t e s  
a l k a l i n e  r e a c t i o n .
PA Ph eny la lan in e* ’ Green c o lo r  fo l lo w in g  a d d i t i o n  o f  
0.5M f e r r i c  c h l o r i d e  i n d i c a t e s  
d eam in a t io n  o f  p h e n y la la n in e .
^ In c lu d e d  in o c u la te d  n e g a t iv e  c o n t r o l  
^ In c lu d e d  u n in o c u la te d  n e g a t iv e  c o n t ro l
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l a b o ra to r y  was e v a lu a te d .  T h is  medium was p rep a red  s i m i l a r  to  M o e l l e r 's  
d e c a rb o x y la se  medium (1955) excep t t h a t  i t  c o n ta in e d  1 p e rc e n t  a g a r .
This  m o d i f i c a t io n ,  acco rd ing  t o  t h e  o r i g i n a t o r ,  e l im in a te d  t h e  r e q u i r e ­
ment f o r  a  m in e ra l  o i l  o v e r la y .  A c c o rd in g ly ,  th e  medium was in o c u la te d  
and in c u b a te d  s i m i l a r  to  t h e  s ta n d a rd  medium as  d e s c r ib e d  i n  T ab le  4 
except t h e  m in e ra l  o i l  o v e r la y  was o m i t t e d .  S im i la r  media o f  s ta n d a rd  
com position  w i th  o i l  o v e r la y  w ere examined s im u l ta n e o u s ly .
C u l tu r e  Media E x a m in a t io n - In  v i t r o  Measurements
Hydrogen Ion  D e te rm in a t io n  
The pH o f  ag a r  p l a t e  media was de te rm ined  w i th in  +0 .01  pH u n i t
Q
accu racy  u s in g  a  Beckman Expandomatic pH m eter  equipped w ith  Beckman 
39170 r e f e r e n c e  and 41263 g l a s s  e l e c t r o d e s .  Agar p l a t e s  w ith  a g a r  
s h e e ts  a t  l e a s t  2 .5  mm t h i c k ,  w ere m easured by d i r e c t  i n s e r t i o n  o f  th e  
e l e c t r o d e s  i n t o  t h e  a g a r .  For t h i n n e r  p l a t e s ,  a  wooden a p p l i c a t o r  
s t i c k  was u sed  to  l i f t  one s i d e  o f  t h e  a g a r  s h e e t  and fo ld  i t  o v e r  u n t i l  
an a d eq u a te  th i c k n e s s  was o b ta in e d .  R epeat measurements w ere made a t  
s e v e ra l  p o in t s  abou t th e  p l a t e  a f t e r  th o rough  r i n s in g  o f  t h e  e l e c t r o d e s  
w ith  d i s t i l l e d  w a te r  between m easurem en ts .  Hydrogen io n  c o n c e n t r a t i o n s  
w ere n o t  d e te rm in e d  fo r  b io c h em ic a l  media due to  in a d e q u a te  sample 
s i z e .
O ther  O b se rv a t io n s  
Tubed b iochem ica l  t e s t  media p re p a re d  as a g a r  s l a n t s  w ere 
measured as  t o  dep th  o f  media a t  t h e  h i g h e s t  and low est p o i n t .  L iq u id
^Beckman In s t ru m e n ts ,  I n c . ,  F u l l e r t o n ,  C a l i f o r n i a
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media w ere  m easured as  t o  d e p th .  The tu b e  s t y l e ,  s i z e ,  ty p e  o f  g la s s  
and ty p e  o f  c l o s u r e  w ere r e c o rd e d .  The g e n e r a l  a p p e a ra n c e  o f  bo th  
u n in o c u la te d  p l a t e  and tu b e  media in c lu d in g  c o l o r ,  t e x t u r e  and 
v a r i a t i o n s  from t h e  norm, w ere rec o rd e d .
E v a lu a t io n  o f  Water Used to  R e h y d ra te  Media
Samples o f  d i s t i l l e d  o r  d e m in e ra l iz e d  w a te r  u sed  to  r e h y d r a t e  
c u l t u r e  media w ere  o b ta in e d  from f i v e  p a r t i c i p a t i n g  l a b o r a t o r i e s  and 
examined f o r  t o x i c  and grow th promoting r e s i d u e s .  W ater was c o l l e c t e d  
i n  screw capped, b o r o s i l i c a t e  g la s s  f l a s k s  which had  been  c a r e f u l l y  
washed, r i n s e d  t h r e e  t im es  w ith  g la s s  d i s t i l l e d  w a te r  and th o ro u g h ly  
d r a in e d .  F la s k s  w ere  th e n  s t e r i l i z e d  by a u to c la v in g  and d r i e d .  A f te r  
c o l l e c t i o n ,  sam ples w ere s to r e d  o v e rn ig h t  and th e n  t e s t e d  u s in g  th e  
d i s t i l l e d  w a te r  s u i t a b i l i t y  t e s t  d e s c r ib e d  by t h e  American P u b l ic  
H ea l th  A s s o c i a t i o n  (1 9 7 1 ) .  T h is  t e s t  i s  based  on a  com parison  o f  th e  
growth o f  a b a c te r iu m  in  a  minimal medium p re p a re d  i n  th e  unknown w ate r  
w i th  growth i n  t h e  same medium d is s o lv e d  i n  do u b le  g l a s s  d i s t i l l e d  
w a te r .
P ro ced u re s  employed in  th e s e  s t u d i e s  w ere a s  d e s c r ib e d  in  th e  
c i t e d  r e f e r e n c e  e x c e p t  a s  fo l lo w s .  The E n te r o b a c t e r  c lo a c a e  s t r a i n  
used  f o r  perfo rm ance  e v a lu a t io n  was employed as  t h e  t e s t  o rgan ism . A ll  
s o l u t i o n s  w ere p re p a re d  i n  doub le  g l a s s  d i s t i l l e d  w a te r  and s t e r i l i z e d  
by f i l t r a t i o n  th ro u g h  a  M i l l ip o r e  ty p e  HAWG 0 .45  m icron  pore  s i z e  
membrane f i l t e r  s u p p o r te d  by a p o ly c a rb o n a te  f i l t e r  h o l d e r . A l l  
w a te r  sam ples w ere  s i m i l a r l y  s t e r i l i z e d .  TSA was u sed  as  s l a n t s  f o r
l ^ M i l l i p o r e  C o rp o ra t io n ,  B edford , M a s sa c h u s e t ts
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i n i t i a l  g row th o f  th e  t e s t  o rgan ism  and a s  a p la t in g  medium.
F o llo w in g  th e  re fe re n c e d  p ro c e d u re , th e  t e s t  organ ism  was 
added in  a f i n a l  c o n c e n tra t io n  o f  50 c e l l s  p e r  ml to  f la s k s  o f  th e  
p u re  and unknown w a te rs  c o n ta in in g  th e  m inim al medium. V ia b le  co u n ts  
w ere made o f  th e  grow th in  th e  f l a s k s  fo llo w in g  24 h o u rs  in c u b a tio n  
a t  35°C. by making te n  fo ld  s e r i a l  d i l u t i o n s  in  p h o sp h a te  b u f fe re d  
w a te r  ( B u t t e r f i e l d ,  1932) and in o c u la t in g  1ml p o r t io n s  in  ISA as  
pour p l a t e s .  The r e s u l t in g  c o lo n ie s  w ere coun ted  a f t e r  48 hour 
in c u b a tio n  a t  35°C. The r a t i o  o f  th e  co u n t from each unknown w a te r  
to  th e  p u re  w a te r  was com puted.
Hydrogen io n  m easurem ents w ere made on each sam ple by u se  
o f  a  c o lo r  b lo c k  w ith  bromthymol b lu e  as  an  i n d i c a to r  r a th e r  th a n  a 
pH m e te r  b e c a u se  th e  low io n  c o n te n t  o f  p u r i f i e d  w a te r  p re c lu d e s  
a c c u ra te  e le c t r o m e tr ic  m easurem ent.
CHAPTER IV 
EXPERIMENTAL RESULTS
P re lim in a ry  S tu d ie s  
V arious m ethods f o r  r a p id  r e c o n s t i t u t i o n  o f  organism s used  fo r  
t e s t i n g  m edia w ere in v e s t ig a t e d .  D iscs  o f  each o rgan ism  w ere d e p o s ite d  
in  tu b e s  o f  TSB and in c u b a te d  fo r  4 h o u rs .  Tubes w ere removed a t  v a r io u s  
i n t e r v a l s  d u rin g  th e  in c u b a tio n  p e r io d ,  a g i t a t e d  on a v o r te x  m ix er, th e n  
r e tu rn e d  to  th e  in c u b a to r .  V isu a l ex am in a tio n  re v e a le d  th e  most r a p id  
in c re a s e  in  d e n s i ty  o c c u rre d  when th e  b ro th s  c o n ta in in g  th e  d is c s  w ere 
in cu b a ted  fo r  te n  m in u te s , removed and a g i t a t e d  f o r  30 seconds, th e n  
re tu rn e d  to  th e  in c u b a to r  f o r  an  a d d i t io n a l  2 h o u rs  and 20 m in u te s .
The p ro b a b le  d e n s i t i e s  o f  th e  su sp e n s io n s  fo llo w in g  t h i s  re c o n ­
s t i t u t i o n  p ro ced u re  w ere m easured by d e te rm in in g  th e  number o f  v ia b le  
c e l l s  in  5 r e p l i c a t e  r e c o n s t i tu te d  su sp e n s io n s  o f  each organism  and 
c a lc u la t in g  th e  v a r i a t i o n  betw een c o u n ts .  S tan d a rd  d e v ia t io n s  w ere 
c a lc u la te d  from th e  lo g a rith m s  o f th e  number o f v i a b l e  organism s per 
d rop  s in c e  th e  lo g a rith m s  o f  such co u n ts  a r e  found to  be  no rm ally  d i s ­
t r ib u te d  (P u b lic  H e a lth  S e rv ic e ,  1965, p . 8 5 ) .  T hese d a ta  a r e  p re se n te d  
in  T ab le 6 . D iscs  c o n ta in in g  E. c lo a c a e  gave th e  m ost un ifo rm  organism  
re c o v e ry . In  c o n t r a s t ,  th e  d i s c s  c o n ta in in g  th e  two s t r a i n s  o f  s ta p h y ­
lo c o c c i gave v a r i a b le  re c o v e ry  r a t e s .
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TABLE 6
VARIATION IN BACTERIAL ORGANISM RECOVERY 
FROM BACTERIA-IMPREGNATED DISCS
Count Per C a l ib r a te d  Drop
T r i a l  E. c lo a c a e ^ E. c o l ib P. v u lg a r i s ^ S . typhium uium ^ S. a u re u s^ S, e p id e rm id is^
1 23 34 28 2 70 60
2 15 81 4 7 12 310
3 20 56 50 44 39 18
4 17 52 5 8 200 40
5 19 60 210 45 50 400
Mean 18 .8 5 6 .6 5 9 .4 21 .2 7 4 .2 165.6
S tan d a rd
D e v ia tio n ± 2 .7 1 ± 1 5 .0 9 ± 77 .18 ± 19 .03 ± 6 5 .6 3 ± 157 .80
^co u n t X 10^ 
^ co u n t X 104 




I n t e r p r e t a t i o n  o f  sam ple t e s t  r e s u l t s  r e q u ir e d  know ledge o f  
th e  d eg ree  o f  v a r i a t i o n  in  co lo n y  c o u n ts  in tro d u c e d  by th e  m ethodology. 
S uspensions o f  th e  t e s t  o rgan ism s w ere d i lu te d  and 10 r e p l i c a t e  drop  
in o c u la t io n s  o f  TSA p la te s  w ere  made from each o f  th r e e  10 fo ld  
d i l u t i o n s .  A f te r  24 h o u rs  in c u b a t io n  a t  35°C ., p l a t e s  w ere s e le c te d  
w hich y ie ld e d  betw een 8 and 80 c o lo n ie s  p e r drop and co lo n y  c o u n ts  w ere 
made. R e s u lts  o f  th e s e  c o u n ts  and t h e i r  d eg rees  o f  v a r i a t i o n  a r e  p re ­
s e n te d  in  T ab le  7. S tan d a rd  d e v ia t io n s  c a lc u la te d  fo r  each s t r a i n  
re v e a le d  r e p r o d u c i b i l i t y  ra n g in g  from  +12 p e rc e n t f o r  E. c lo a c a e  to  
4^6 p e rc e n t f o r  a u re u s  a t  th e  95 p e rc e n t co n fid e n c e  l e v e l .  V ia b le  
co u n ts  o f  su sp e n s io n s  o f  th e  two s t r a i n s  o f  s ta p h y lo c o c c i w ere g e n e r a l ly  
l e s s  re p ro d u c ib le  th a n  c o u n ts  o f  th e  gram n e g a t iv e  ro d s .
I n o c u la t io n  o f  p i l o t  sam ples o f  a g a r  p l a t e  m edia w ith  m u l t ip le  
d i l u t i o n s  o f  s ta n d a rd iz e d  su sp e n s io n s  in d ic a te d  th a t  in o c u la t io n  w ith  
d u p l i c a te  u n d i lu te d  and 10" ^ ,  10“^ and 10"^ d i l u t i o n s  would y ie ld  th e  
maximum u s e f u l  in fo rm a tio n  from  th e  e ig h t  in o c u la t io n  s i t e s  a v a i la b l e  
on each p l a t e .  The 10”^ and 10”^ d i l u t i o n s  p e rm itte d  co u n ts  to  be  made 
on p la te s  e x h ib i t in g  up to  90 and 99 p e rc e n t r e p r e s s io n  o f  th e  inoculum  
r e s p e c t iv e ly ,  th u s  r e v e a l in g  m o d e ra te  v a r i a t i o n  betw een sam p les. G ross 
i n h i b i t i o n  o f  th e  t e s t  o rgan ism  w ould be  re v e a le d  by f a i l u r e  o f  th e  
u n d ilu te d  su sp e n s io n  to  i n i t i a t e  grow th w h ile  grow th a t  th e  10”^ 
d i l u t i o n  would p e rm it c o u n ts  w here l i t t l e  o r  no r e p r e s s io n  o c c u rre d .
The two s t r a i n s  o f  s ta p h y lo c o c c i  w ere  r e g u la r ly  in h i b i t e d  by th e  gram 
n e g a t iv e  m edia w h ile  th e  E. c lo a c a e  s t r a i n  c o n s i s t e n t ly  grew i f  in o c u ­
la te d  u n d i lu te d .  T h e re fo re ,  th e  m edia w ere in o c u la te d  w ith  d u p l i c a te  
u n d i lu te d  and 10“ ^ , 10”^ and 10~^ d i l u t i o n s  o f  E. c o l i , P. v u lg a r i s
TABLE 7
REPRODUCIBILITY OF DROP COUNT METHOD
Count p e r  C a l ib r a te d  Drop
R e p l i ­
c a t io n E. c lo a c a e E. c o l i P. v u l e a r i s S . tvphim urium S . au reu s S. e p id e rm id is
1 33 24 21 62 13 41
2 35 24 15 58 14 34
3 30 23 23 53 14 36
4 32 19 16 61 11 20
5 36 21 21 53 10 28
6 31 17 20 62 15 33
7 32 19 17 64 2 33
8 32 22 20 53 8 38
9 33 18 19 59 12 27
10 29 18 19 56 11 32
Mean 3 2 .3 20 .5 19 .1 58 .1 11 .0 3 2 .2
S tan d a rd




and tvph im urium ; 10"^ , 10"^ and 10” ^ d i l u t i o n s  o f  E. c lo a c a e ; and 
s in g le  u n d i lu te d  d rops o f  a u re u s  and e p id e rm id is . The MSA and
SllO  p l a t e s ,  d e s ig n ed  to  b e  s e l e c t i v e  fo r  s ta p h y lo c o c c i ,  w ere in o c u la te d  
w ith  d u p l i c a te  u n d ilu te d  and 10"3, 10-4 and 10-5 d i l u t io n s  o f  a u re u s  
and S. e p id e rm id is  to  check t h e i r  a b i l i t y  to  su p p o rt g row th . The same 
d i l u t io n s  o f  E. c o l i  and P. v u lg a r i s  w ere used  to  t e s t  th e  a b i l i t y  o f  
th e s e  m edia to  i n h i b i t  such o rg an ism s.
P erfo rm ance E v a lu a tio n  o f  Agar P la t e  Media
E xam ination  o f  Growth R esponse on Sampled P la te s  
A gar p la te s  from p a r t i c i p a t i n g  l a b o r a to r ie s  and TSA c o n t ro l  
p la te s  w ere in o c u la te d  w ith  10 f o ld  d i l u t i o n s  o f  th e  t e s t  s t r a i n s ,  in  
d u p l i c a te ,  as  d e s c r ib e d  above. In o c u la t io n  s i t e s  w ere exam ined and 
th e  c o lo n ie s  counted  w here c o a le s c e n c e  o f  c o lo n ie s  had n o t o c c u r re d . 
Growth was re c o rd e d  as  th e  a v e ra g e  o f  th e  two d u p l i c a te  c o u n ts  tim es  
th e  r e c ip r o c a l  o f  th e  d i l u t i o n .  Where p o s s ib le ,  s i t e s  c o n ta in in g  
betw een 8 and 80 c o lo n ie s  w ere s e le c te d  f o r  com pu ta tion  as  recommended 
by S tokes (1 9 6 8 ).
The grow th on th e  sam ple p la te s  was compared to  th e  grow th  on 
th e  TSA p la te s  by c a l c u la t io n  o f  th e  number o f  lo g a rith m s  o f  d i f f e r e n c e  
betw een th e  c o u n ts . T h is  i s  a m o d if ic a t io n  o f  th e  scheme d e s c r ib e d  by 
S tokes (1 9 6 8 ). For exam ple, i f  24 c o lo n ie s  w ere counted  a t  th e  10"^ 
d i l u t i o n  on TSA, th e n  c o u n ts  on th e  m edia sam pled o f  l e s s  th a n  24 x 10“5 
w ere re c o rd e d  a s  1 lo g  r e p r e s s io n ,  l e s s  th an  24 x 10“^ a s  2 lo g s  o f  
r e p r e s s io n ,  e t c .  R e p re ss io n  exceed ing  4 lo g s  was re c o rd e d  a s  " g r e a te r  
th a n  4 " .  T h is  d i f f e r e n c e ,  w hich r e f l e c t s  th e  d e g re e  o f  r e p r e s s io n  o f
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inoculum  grow th by th e  m edia, i s  c a l le d  th e  "A pparent R ed u c tio n  in  
Inoculum  T i t e r " .
C l a s s i f i c a t i o n  o f  R e s u lts  
V alues r e p re s e n t in g  th e  d e g re e  o f r e p re s s io n  f o r  a  p a r t i c u l a r  
m edia ty p e , ex p ressed  in  lo g s ,  w ere an a ly zed  and th e  m ost f re q u e n t 
(mode) v a lu e  found was d e s ig n a te d  a s  th e  "S tan d ard  o f  A ccep tan ce" . 
T h is  modal grow th p a t te r n  i s  p re s e n te d  in  T ab le  8 f o r  each organ ism  
in o c u la te d .  F a i lu r e  o f  a sam ple medium to  meet t h i s  s ta n d a rd  w ith  
r e s p e c t  to  any o f  th e  s t r a i n s  in o c u la te d  was c o n s id e re d  g rounds fo r  
an  u n s a t i s f a c to r y  c l a s s i f i c a t i o n  f o r  th a t  p ro d u c tio n  b a tc h  o f  medium.
R esponse o f  th e  m edia produced by th e  d i f f e r e n t  l a b o r a to r i e s  
i s  summarized in  T ab le  9 . O v e ra ll ,  63 p e rc e n t o f  th e  a g a r  p la te s  
sam pled w ere c l a s s i f i e d  a s  a c c e p ta b le .  T ab le  e n t r i e s  f o r  perfo rm ance 
o f  each la b o r a to r y 's  m edia w ere c o r re c te d  fo r  d i f f e r e n c e s  betw een 
m edia to  red u ce  th e  b ia s  in tro d u c e d  by th e  unequal sam ple s i z e s .  The 
av e ra g es  o f  b o th  th e  u n c o rre c te d  and c o r re c te d  m edia a c c e p t a b i l i t y  
r a t e s  w ith in  each la b o ra to ry  a r e  g iv e n  in  T ab le  10. O v e ra ll  media 
a c c e p ta b i l i t y  ranged  from 4 2 .8  p e rc e n t fo r  la b o ra to ry  number 12 to  81 
p e rc e n t fo r  la b o ra to ry  number 7 . Each o f  th e  t a b l e  e n t r i e s  w ere 
s im i la r ly  c o r re c te d  fo r  d i f f e r e n c e s  betw een l a b o r a to r i e s .  Both th e  
u n c o rre c te d  and c o r re c te d  v a lu e s  w ere averaged  f o r  each m edia and 
th e  means e n te re d  in  T ab le  11. C o rre c te d  av e ra g e  m edia a c c e p t a b i l i t y  
ranged  from 19.6  p e rc e n t f o r  SS to  98 p e rc e n t f o r  MAC.
T ab le  e n t r i e s  w ere c o r r e c te d  fo r  d i f f e r e n c e s  betw een media 
by th e  fo rm ula:
TABLE 8
STANDARD OF ACCEPTANCE FOR 
AGAR PLATE MEDIA
A p paren t R ed u c tio n  o f  Inoculum  T i te r ^
Media E. c lo a c a e E. c o l i P. v u lg a r i s S, tvphim urium S . a u re u s S. e p id e rm id is
EMB 0 0 0 0 -4 ^4
LEMB 0 0 -4 0 -4 -4
XLD 0 ^4 0 0 -4 -4
MAC 0 0 0 0 -4 -4
DC 0 0 0 0 -4 -4
SS -0 ^ 4 -3 -2 -4 5*4
BG 0 -3 -3 0 -4 -4
BS -3 -4 -4 62 -4 -4
HE -0 ^4 -0 0 "^4 -4
S llO b -4 -3 0 0
MSA —- -4 ^3 — 0 0
^ e x p re sse d  a s  th e  d i f f e r e n c e  betw een th e  exponen ts  o f  th e  maximum d i l u t i o n  a t  w hich grow th  
may o c c u r on th e  medium l i s t e d  and on TSA p l a t e s .
00
^ d a sh  means n o t t e s t e d .
TABLE 9
ACCEPTABILITY OF AGAR PLATE MEDIA SAMPLED
Media
L a b o ra to ry  Number
1 2 3 4 5 6 7 8 9 10 11 12 T o ta l
EMB 7/8* 4 /4 3 /4 3 /4 3 /3 4 /4 3 /3 3 /4 30 /34
LEMB 4 /7 2 /4 6/11
XLD 0 /3 1 /3 4 /4 5 /1 0
MAC 3 /3 8/8 4 /4 1/1 16/16
DC 6 /7 2/2 8 /9
SS 1/8 1/8 0 /3 1 /3 1 /3 4 /2 5
BG 6 /8 0/1 1/2 7/11
BS 3 /7 0 /4 3 /11
HE 5 /8 2 /3 1/2 3 /3 3 /3 2/2 16/21
S llO 2 /5 1/1 1/1 4 /7
MSA 2/5 ----- ----- 1/1 ----- 1/2 2 /3 ----- ----- ----- 6/11
T o ta l 26 /44 4 /8 23/39 6 /9 4 /8 11/12 6/6 6 /9 9 /12 4 /5 4 /7 2 /7 105/166
■P»
VO
^Number o f  a c c e p ta b le  sam ples/num ber o f  sam ples t e s t e d
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TABLE 10
ACCEPTABILITY OF AGAR PLATE MEDIA SAMPLED, 
VARIATION BETWEEN LABORATORIES
L ab o ra to ry
Number
P e rc e n ta g e  o f  Samples C la s s i f i e d  A ccep tab le
U n c o rre c te d ^ C o rrec ted ^
1 5 9 .1 5 4 .5
2 5 0 .0 4 3 .7
3 5 9 .0 6 8 .9
4 6 6 .7 5 7 .1
5 5 0 .0 5 6 .3
6 9 1 .7 75 .5
7 100 .0 8 1 .0
8 6 6 .7 6 8 .2
9 7 5 .0 78 .5
10 8 0 .0 63 .9
11 5 7 .1 6 3 .1
12 2 8 .6 4 2 .8
^ c a lc u la te d  from d a ta  i n  T a b le  9 . 
^ c o r re c te d  f o r  d i f f e r e n c e s  betw een  m edia.
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TABLE 11
ACCEPTABILITY OF AGAR PLATE MEDIA SAMPLED, 
VARIATION BETWEEN MEDIA
Media
P e rc e n ta g e .o f  Samples C la s s i f i e d  A ccep tab le
U n co rrec te d ^ C o rrec ted ^
EMB 88 .2 81 .6
LEMB 5 4 .5 5 6 .0
XLD 5 0 .0 4 1 .6
MAC 100.0 9 8 .0
DC 8 8 .9 95 .1
SS 1 6 .0 19,6
BG 63 .6 71 .5
BS 27 .3 4 2 .6
HE 76 .2 72 .5
S llO 5 7 .1 5 8 .3
MSA 5 4 .5 5 3 .8
^ c a lc u la te d  from  d a ta  i n  T a b le  9 .
^ c o r r e c te d  f o r  d i f f e r e n c e s  betw een l a b o r a to r i e s .
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A; -  B; (3c; - x)
B
w here A; = number o f  s u c c e s se s  f o r  each t a b l e  entiry
B; = number o f  t r i a l s  o f  each t a b l e  e n try
X; = a v e ra g e  su c c e ss  f o r  a l l  sam ples o f  t h a t  
m edia from  a l l  l a b o r a to r ie s
X = g rand  av e ra g e  su c c e s s  f o r  a l l  m edia 
(= 105/166 = 0 .6325301)
T ab le  e n t r i e s  w ere s im i la r ly  c o r r e c te d  f o r  d i f f e r e n c e s  betw een la b o r ­
a t o r i e s  excep t th a t  x; eq u a ls  th e  a v e ra g e  su ccess  f o r  a l l  sam ples o f  
d i f f e r e n t  m edia from  t h a t  la b o ra to r y .
An a r i th m e t ic  av e ra g e  o f th e  number o f lo g a ri th m s  o f  r e p r e s s io n  
was c a lc u la te d  fo r  a l l  sam ples o f  each m edia as shown i n  T ab le  12.
U n lik e  th e  o th e r  p a ram e te rs  s tu d ie d  such a s  pH and b io c h e m ic a l t e s t  
m edia q u a l i ty ,  th e r e  was no s ta n d a rd  o r  " a c c e p te d "  re s p o n s e . These 
d a ta  p re s e n t  a g e n e ra l  p i c tu r e  o f  th e  a v e ra g e  re sp o n se  o f  each o f  th e  
11 m edia when te s t e d  by th e s e  m ethods. For exam ple, MAC p la te s  
sam pled showed no d i s c e r n i b l e  r e p r e s s io n  o f  grow th w ith  any o f  th e  fo u r  
g ra m -n e g a tiv e  ro d s . T hese  f in d in g s  a r e  co m p a tib le  w ith  th e  e x p e c ta t io n s  
f o r  t h i s  m edia as i t  i s  u sed  in  th e  d ia g n o s t ic  la b o r a to r y .  C o n v erse ly , 
SS d em o n stra ted  a g r e a t e r  r e p r e s s io n  o f  S a lm o n ella  th a n  e i t h e r  P. 
v u lg a r i s  o r  c lo a c a e  even though SS was e x p re s s ly  d e s ig n ed  to  be 
s e l e c t i v e  f o r  S a lm o n e lla .
M easurem ents o f  co lony  d ia m e te rs  w ere made w here d i s c r e t e  
c o lo n ie s  w ere o b se rv e d . A n a ly s is  o f  t h e  d a ta  re v e a le d  w ide v a r i a t i o n  
i n  co lony  d ia m e te rs  betw een crowded and s p a r s e ly  p o p u la te d  in o c u la t io n  
s i t e s .  T hese d i f f e r e n c e s  masked any v a r i a t i o n  betw een m edia sam ples 
s in c e  e x a c t p r e d i c t a b i l i t y  o f  s i t e  p o p u la tio n s  co u ld  n o t be  o b ta in e d
TABLE 12
AVERAGE REPRESSION OF GROWTH OF 
AGAR PLATE MEDIA SAMPLED









c lo a c a e
E.
c o l i
P.






e p id e rm id is
EMB 8 34 0 0 0 .5 0 > 4 .0 > 4 . 0
LEMB 2 11 0 .2 0 .1 3 .2 0 > 4 .0 > 4 .0
XLD 3 10 0 4 .0 0 0 .4 > 4 .0 > 4 .0
MAC 4 16 0 0 0 0 > 4 .0 > 4 .0
DC 2 9 0 0 .1 0 0 .1 > 4 .0 > 4 .0
SS 5 25 0 .5 4 .0 2 .2 3 ,4 > 4 .0 > 4 . 0
BGA 2 11 0.6 3 .4 3 .5 0 .2 > 4 .0 > 4 .0
BS 2 11 > 4 .0 > 4 .0 2 .7 2.6 > 4 .0 > 4 .0
HE 6 21 0 .1 > 4 .0 0 .3 0 .2 > 4 .0 > 4 .0
S llO 3 7 > 4 .0 2 .7 0 0 .1
MSA 4 11 > 4 .0 2 .1 0 0
Lnw
^ e x p re sse d  as  th e  lo g a r i th m ic  mean o f  r e d u c t io n  in  t i t e r  below  t h a t  o bserved  
w ith  th e  TSA p l a t e  f o r  a l l  sam ples t e s t e d .
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w ith  th e  method u se d .
O b se rv a tio n s  made o f  th e  c o lo r ,  a p p e a ra n c e  and t e x tu r e  o f  th e  
u n in o c u la te d  m edia and d e s c r ip t io n  o f  th e  c o lo n ie s  and t h e i r  i n t e r ­
a c t io n  w ith  th e  m edia w ere compared betw een l a b o r a to r i e s  and betw een 
w eeks. Lack o f  o b je c t iv e  c l a s s i f i c a t i o n  c r i t e r i a  made m eaningfu l 
i n t e r p r e t a t i o n  d i f f i c u l t .  However, th e  d e g re e  o f  n u c lé a t io n  o f  c o lo n ie s  
observed  m a c ro sc o p ic a lly  on SS, HE, EMB, LEMB and XLD showed prom ise 
a s  an o b je c t iv e  in d e x . D is c e rn ib le  v a r i a t i o n  i n  th e  s i z e ,  t i n t  and 
o p a c i ty  o f  co lo n y  n u c le i  was n o ted  betw een sam ples o f  th e s e  m edia.
T h is  p a ram e te r  i s  e s p e c ia l ly  v a lu a b le  as a  q u a l i t y  c o n t ro l  index  s in c e  
n u c lé a t io n  i s  a d i f f e r e n t i a l  c h a r a c t e r i s t i c  f o r  s e l e c t in g  a co lony  f o r  
f u r th e r  s tu d y . O ccas io n a l f ra n k  d e v ia t io n s  w ere  o bserved  such as 
o p a c i ty  in  n o rm ally  t r a n s lu c e n t  XLD a g a r  from  la b o ra to r y  2 in  week 4 .
A lthough  sam ple s i z e  l im i t a t i o n s  d id  n o t  p e rm it s e p a ra te  
s t e r i l i t y  t e s t i n g ,  o c c a s io n a l c o n ta m in a tio n  was n o ted  on u n in o c u la te d  
m edia. Lack o f  s t e r i l i t y  appeared  to  be  random ly d i s t r i b u t e d  ex cep t 
t h a t  c o n ta m in a tio n  was found in  a l l  3 sam ples o f  SS a g a r  from 
la b o ra to ry  11 .
P erform ance E v a lu a tio n  o f  B iochem ical T e s t Media
A ccep tance C r i t e r i a  
B iochem ical t e s t  m edia w ere in o c u la te d  w ith  a p p ro p r ia te  t e s t  
s t r a i n s  a c c o rd in g  to  th e  p ro to c o l d e s c r ib e d  i n  C h ap te r  I I I .  W hile 
th e  m a n u fa c tu re r 's  l i t e r a t u r e  accom panying th e  o rgan ism s d e sc r ib e d  
ex pec ted  b io c h em ic a l r e a c t io n s  f o r  m ost m edium /organism  co m b in a tio n s , 
th e s e  w ere expanded to  f i t  th e  c o n d it io n s  o f  t h i s  s tu d y  by c o n s t r u c t io n
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o f  i n t e r n a l  s ta n d a rd s  b ased  on th e  d a ta  o b ta in e d . C r i t e r i a  used  to  
d e f in e  a c c e p ta b i l i t y  a r e  in d ic a te d  in  T ab le  13 . F a i lu r e  o f  a p a r t i ­
c u l a r  sam ple u n i t  to  re sp o n d  a c c e p ta b ly  w ith  r e s p e c t  to  any o f  th e  
o rgan ism s in o c u la te d  r e s u l t e d  in  an  u n a c c e p ta b le  c l a s s i f i c a t i o n  f o r  
th e  p ro d u c tio n  l o t  from  w hich i t  was draw n.
Sample T e s t  R e su lts  
Each l o t  o f  m edia sam pled was c l a s s i f i e d  as to  a c c e p ta b i l i t y .
A summary o f  th e s e  f in d in g s  i s  p re s e n te d  in  T a b le  14 . T ab le  e n t r i e s  
w ere c o r r e c te d  f o r  d i f f e r e n c e s  betw een  m edia and betw een la b o r a to r ie s  
a s  p re v io u s ly  d e s c r ib e d  f o r  ag a r  p l a t e s .  Means o f  th e s e  c o r re c te d  
v a lu e s  a r e  p re s e n te d  in  T ab les  15 and 16. A c c e p ta b i l i ty  betw een 
la b o r a to r i e s  v a r ie d  from  3 8 .4  to  9 7 .1  p e rc e n t .  P e rc e n ta g e  a c c e p t­
a b i l i t y  c a lc u la te d  f o r  each  m edia v a r ie d  from 37 .7  to  9 3 .7  p e rc e n t.  
O v e ra l l ,  75 p e rc e n t o f  th e  sam ples t e s t e d  w ere c la s s e d  as  a c c e p ta b le .
S p e c i f ic  r e a c t io n s  o f  sam ples from th e  s e v e ra l  p ro d u c tio n  lo t s  
o f  each m edia te s t e d  a r e  p re s e n te d  in  T ab les 17 th ro u g h  33 . I n t e r ­
m e d ia te  o r  in c o m p le te  r e a c t io n s  a r e  re c o rd e d  s e p a r a te ly  in  some c a s e s .
The r e a c t io n s  o f  t e s t  s t r a i n s  on T SI, KIA and LIA a r e  p re se n te d  
i n  T ab le s  17 th ro u g h  19. P re se n c e  o r  ab sen ce  o f  gas p ro d u c tio n  was 
re c o rd e d  f o r  T S I, KIA and LIA. However, s in c e  gas p ro d u c tio n  as 
ev id en ced  by s p l i t t i n g  o f  th e  a g a r  i s  n o t c o n s i s te n t  i n  s a t i s f a c to r y  
m ed ia , i t  was n o t c o n s id e re d  in  th e  a c c e p ta n c e  o r  r e j e c t i o n  o f  a 
p ro d u c tio n  l o t  (W adsworth, 1947, p . 302; Edwards and F i f e ,  1961). 
F a i lu r e  to  p roduce a  d i s t i n c t i v e  a c id  b u t t  o c c u rre d  o n ly  3 tim es in  
165 TSI and KIA s l a n t s  in o c u la te d  w ith  s t r a i n s  ex p ec ted  to  produce an 
a c id  r e a c t io n .  In  a l l  th r e e  c a s e s ,  th e  tu b e s  o f  m edia w ere p rep a red
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TABLE 13
STANDARD OF ACCEPTANCE FOR BIOCHEMICAL TEST MEDIA
Media E. c lo a c a e E. c o l l P. v u lg a r i s P. a e ru g in o sa S, tvphim urium  S. aureus
B utt A o r AG A o r  AG N A o r AG
TSI S la n t A A N o r  K K
HjS - + o r - + o r "*'w
B u tt A o r AG A o r  AG N A o r  AG
KIA S la n t A K N o r  K K
HgS + o r  "*"w +
PA - +
B utt A N o r  K A K
LIA S la n t K K R K
HjS - - + o r  - + o r  "*"w
2 h r . +  o r  -
UA 4 h r . - - + o r  "*"w
22 h r . + or - +
22 h r . + o r + o r  - .
MOT 48 h r . + + o r  '*'w -
22 h r . « + o r  **’w + o r  "*'w
sc 48 h r . - + +
120 h r . •* + +
HgS « + o r  "̂ w
SIM In d o le + + -
M o t i l i ty + + o r +
22 h r . _ + o r "hf
ML 48 h r . - + -
120 h r . - + -
22 h r . + o r +  o r  -
MA 48 h r . + o r  '*"w - + o r  -
120 h r . + or - +  o r
22 h r . + +
MO 48 h r . + - +
120 h r . + +
TABLE 14
ACCEPTABILITY OF BIOCHEMICAL TEST MEDIA SAMPLED
Media
L a b o ra to ry  Number
T o ta l1 2 3 4 5 6 7 8 9 10 11 12
TSI 10/ 10* 6/6 2 /3 1 /4 1/2 4 /4  ___ 1/1 0 /1 25/31
KIA 10/10 3 /3 5 /6 3 /4 1/1 22 /24
PA 5 /5 4 /4 1/1 3 /4 13/14
LIA 2/2 5 /5 0/1 1/4 0/1  ___ 2/2 1/1 11/16
UA 7/7 2 /2 3 /11 3 /3 1 /3 0/1 1/2 17/29
MOT 7/9 3 /3 10/12
SC 8 /1 0 3 /3 8/11 4 /4 4 /4 4 /4 3 /4 4 /4  ___ 38/44
SIM 10/10 1 /3 2/6 2 /4 1 /4 1/1 2 /4  ___ 3/3 22/35
ML 1/7 3 /3 4 /1 0
MA 4 /7 2/2 6 /9
MO 3 /7 2/2 ----- ----- ■ ----- -----  ----- — — ----- ----- 5 /9
T o ta l 65/82 11/13 40/56 12/15 9/16 11/15 6/12 10/13 7 /8 1/2 1/1 174/233
U1
•vl
^Number o f  a c c e p ta b le  sam ples/num ber o f  sam ples t e s t e d .
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TABLE 15
ACCEPTABILITY OF BIOCHEMICAL TEST MEDIA SAMPLED, 
VARIATION BETWEEN LABORATORIES
P e rc e n ta g e  o f  Samples C la s s i f i e d  A ccep tab le
L ab o ra to ry
Number U n co rrec ted ^ C o rre c te d ^
1 79.3 8 1 .0
2 8 4 .6 8 4 .3
3 71 .4 73 .2
4 8 0 .0 78 .6
5 5 6 .3 5 7 .4
6 73 .3 6 1 .9
7 5 0 .0 5 0 .0
8 76 .9 75 .6
10 87 .5 97 .1
11 5 0 .0 3 8 .4
^ c a lc u la te d  from th e  d a ta  in  T ab le  14. 
^ c o r re c te d  f o r  d i f f e r e n c e s  betw een m edia.
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TABLE 16
ACCEPTABILITY OF BIOCHEMICAL TEST MEDIA SAMPLED, 
VARIATION BETWEEN MEDIA
P ercen tag e  o f  Samples C la s s i f i e d  A cc e p ta b le
Media U ncorrec ted ^ C o rrec ted ^
TSI 80 .6 83.3
KIA 9 1 .7 89.4
PA 92.9 93.7
LIA 66 .7 72.3
VA 5 8 .6 59.3
MOT 83 .3 80.1
SC 86 .4 88.7
SIM 62 .9 62 .0
ML 4 0 .0 37.7
MA 6 6 .7 63.7
NO 5 5 .6 52.6
^ c a lc u la te d
^ c o r re c te d
from th e  d a ta  in  T ab le  9 . 
f o r  d i f f e r e n c e s  betw een l a b o r a t o r i e s .
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TABLE 17
REACTIONS OF TEST STRAINS WITH TRIPLE SUGAR IRON AGAR (T SI) SAMPLED
REACTION® NUMBER OF SAMPLES
B u tt S la n t H2S
E.
c o l i
P.
v u lg a r i s
P.
a e ru g in o sa
S.
tvphim urium
AG A - 28 0 0 0
A A - 2 (5 ) 0 0
N A - ( l ) b 0 0 0
AG A 4- 0® 12 0 0
A A 4" 0 5 0 0
AG A 0 3 0 0
A A +w 0 5 0 0
N A +w 0 ( 1) 0 0
N K - 0 0 31 0
AG K + 0 0 0 20
A K + 0 0 0 3
AG K +w 0 0 0 4
A K +w 0 0 0 3
A N - 0 0 0 (1)
T o ta l  A ccep tab le 30 26 31 30
T o ta l Sampled 31 31 31 31
P e rc e n ta g e  A ccep tab le 97 84 100 97
®A means a c id ,  G means g a s ,  K means a l k a l in e ,  N means n e u t r a l ,  
"̂ w means b la c k e n in g  l e s s  th a n  o n e - th i r d  o f  th e  d is ta n c e  betw een th e  
b a se  o f  th e  s l a n t  and th e  bo ttom  o f th e  t u b e , + means b la c k e n in g  g r e a t e r  
th a n  "^w, -  means n e g a t iv e .
^Numbers in  p a r e n th e s is  i n d i c a t e  u n a c c e p ta b le  r e s u l t s .
^No sam ples gave th e  r e a c t io n  s p e c i f i e d .
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TABLE 18
REACTIONS OF TEST STRAINS WITH KLIGLERS 
IRON AGAR (KIA) SAMPLED
R ea c tio n ^ Number o f  Samples
E. P . P. S.
B u tt S la n t  H2S c o l i v u lg a r i s a e ru g in o sa tvphim urium
AG A 23 0 0 0
A A 1 0 0 0
AG K & 0 0 0 1
A K "*w 0 3 0 4
AG K + 0 12 0 15
A K + 0 8 0 3
N K 0 0 24 0
N K +w 0 ( 1) ^ 0 0
AG A + 0 0 ^ 0 ( 1 )
T o ta l A c c e p ta b le 24 23 24 23
T o ta l Sampled 24 24 24 24
P e rc e n ta g e  A ccep tab le ICO 96 100 100
^A means a c id ,  G means g a s ,  K means a l k a l in e ,  N means n e u t r a l ,  
means b la c k e n in g  le s s  th a n  o n e - th i r d  o f th e  d is ta n c e  betw een  th e  
b a se  o f  th e  s l a n t  and th e  bo ttom  o f  th e  tu b e , +  means b la c k e n in g  g r e a t e r  
th a n  +w, -  means n e g a t iv e .
^Numbers in  p a r e n th e s is  i n d i c a t e  u n a c c e p ta b le  r e s u l t s .
CNo samples gave the reaction specified.
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TABLE 19
REACTIONS OF TEST STRAINS WITH LYSINE 
IRON AGAR (LIA) TESTED
R eac tion^ Number o f  Samples
B u tt S la n t H2S
E.
c lo a c a e
E.
c o l i
P.
v u lg a r is
S.
tvphim urium
A K - 11 ( l ) b 0 0
N •K - O': 5 (1) 0
K K - (5) 10 (1) 0
A R - 0 0 13 0
K R - 0 0 (1) 0
A K ''’w 0 0 0 (1)
K K +w 0 0 0 5
K K + 0 0 0 10
T o ta l A ccep tab le 11 15 13 15
T o ta l Sampled 16 16 16 16
P e rcen tag e  A ccep tab le 69 94 81 94
A means a c id ,  K means a l k a l in e ,  N means n e u t r a l ,  R means re d , 
means b la c k e n in g  l e s s  th a n  o n e - th i r d  o f  th e  d i s t a n c e  betw een  th e  
b ase  o f th e  s l a n t  and th e  bo ttom  o f t h e  tu b e , + means b la c k e n in g  
g r e a te r  th a n  '•'w, -  means n e g a t iv e .
^Numbers in  p a r e n th e s is  i n d i c a t e  u n a c c e p ta b le  r e s u l t s .
CNo samples gave the reaction specified.
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so a s  to  have  l e s s  th a n  th e  recommended 1/2  in ch  deep b u t t  th e re b y  
p e rm it t in g  a more a l k a l in e  f i n a l  pH ( K l ig le r ,  1918). A b erran t H2S 
r e a c t io n s  w ere n o ted  more f r e q u e n t ly .  T h ir te e n  o f  th e  110 s l a n t s  
in o c u la te d  w ith  H2S p roducing  s t r a i n s  e x h ib ite d  b la ck en in g  l e s s  th a n  
one t h i r d  o f  th e  d is ta n c e  from th e  b a se  o f  th e  s l a n t  to  th e  bo ttom  o f 
th e  tu b e .  S in ce  a  taxonom ic e r r o r  would n o t have been  made, t h i s  
r e a c t io n  was c l a s s i f i e d  as  a c c e p ta b le .  P ro teu s  v u lg a r i s  produced 
d e t e c ta b le  H2S on o n ly  1 o f  16 sam ples o f  LIA in o c u la te d  b u t t h i s  r e s u l t  
was n o t unexpec ted  (Edwards and F i f e ,  1 9 61 ). Two o f th e s e  16 tu b e s  d id  
n o t y i e ld  th e  ty p ic a l  re d  s l a n t  ex p ec ted  w ith  P ro te u s . I n c o r r e c t  d e c a r ­
b o x y la se  r e a c t io n s ,  ex p re ssed  by th e  c o lo r  o f th e  b u t t ,  w ere n o ted  in  
10 o f  64 LIA tu b e s  in o c u la te d  w ith  s t r a i n s  c ap a b le  o f  p roducing  c h a r ­
a c t e r i s t i c  ly s in e  d e c a rb o x y la se  r e a c t io n s .
The r e a c t io n s  o f  4 t e s t  s t r a i n s  on 35 l o t s  o f  SIM medium a r e  
p re s e n te d  in  T ab le  20. No ev id en ce  o f  H2S p ro d u c tio n  was n o ted  on 3 o f  
70 tu b e s  in o c u la te d  w ith  H2S p o s i t i v e  s t r a i n s .  T hese 3 tu b e s  a l s o  
showed a  f a l s e  n e g a t iv e  m o t i l i t y .  No f a l s e  p o s i t iv e  H2S r e a c t io n s  w ere 
seen  in  70 tu b e s  in o c u la te d  w ith  H2S n e g a t iv e  s t r a i n s .  In d o l was 
d e te c te d  in  a l l  70 tu b e s  in o c u la te d  w ith  in d o l p o s i t iv e  s t r a i n s  and in  
none o f  th e  70 tu b es  in o c u la te d  w ith  in d o l n e g a t iv e  s t r a i n s .  The 
m o t i l i t y  r e a c t io n s  w ere p o s i t i v e  f o r  34 o f  th e  35 tu b e s  in o c u la te d  w ith  
th e  s tro n g ly  m o t i le  tvphim urium  and none o f  th e  35 tu b es  in o c u la te d  
w ith  au reu s  appeared  to  show m o t i l i t y .  The w eakly m o t i le  s t r a i n  o f  
P. v u lg a r i s  gave v a r i a b le  r e a c t io n s  on SIM. Of 35 tu b e s  in o c u la te d ,
16 showed s tro n g  m o t i l i t y ,  7 weak m o t i l i t y  and 12 tu b e s  showed no e v i ­
den ce  o f  m o t i l i t y .  T h is  p a t t e r n  c o r r e la te d  w e ll w ith  th e  so u rc e  o f
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TABLE 20
REACTIONS OF TEST STRAINS WITH 
SIM MEDIUM (SIM) TESTED
R eaction"a Number o f  Samples
E. P. S. S.
H2S In d o l M o t i l i ty c o l i v u lg a r i s tvphim urium au reu s
-  - - 0^ 0 0 35
+ - 0 (3)C 0 0
+ + - 0 (9) 0 0
+ +w 0 (1) 0 0
+ + +w 0 6 0 0
+ + 35 0 0 0
+ + + 0 16 0 0
+ + 0 0 33 0
+ - "̂ w 0 0 (1) 0
+ - 0 0 (1) 0
T o ta l  A ccep tab l e 35 22 33 35
T o ta l  Sampled 35 35 35 35
P e rc e n ta g e  A ccep tab le 100 63 94 100
+ means any d e g re e  o f  b la c k e n in g , In d o l + means any d eg ree  
o f  c o l o r ,  M o t i l i ty  +w means grow th does n o t  ex tend  to  s id e  o f  tu b e . 
M o t i l i ty  + means m o t i l i t y  g r e a t e r  th a n  +W, -  means n e g a t iv e
^No sam ples gave th e  r e a c t io n  s p e c i f i e d .
^Numbers in  p a r e n th e s is  i n d i c a t e  u n a c c e p ta b le  r e s u l t s .
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th e  m edia, im ply ing  a r e a l  d i f f e r e n c e  betw een  l a b o r a t o r i e s .
T h is  d i f f e r e n c e  in  m o t i l i t y  o f  P. v u lg a r i s  was a ls o  seen  in  MOT 
m edia d a ta  p re s e n te d  in  T a b le  21. M o t i l i t y  was o b serv ed  in  2 sam ples 
b u t  o n ly  a f t e r  48 h o u rs  in c u b a t io n .  The o th e r  10 sam ples w ere n e g a t iv e  
a t  b o th  24 and 48 h o u rs . The E. c o l i  s t r a i n  ap p ea red  u n ifo rm ly  m o t i le  
w h ile  no m o t i l i t y  was observed  in  tu b e s  in o c u la te d  w ith  S. a u r e u s .
The re sp o n se  o f  UA when in o c u la te d  w ith  th r e e  t e s t  s t r a i n s  i s  
p re s e n te d  in  T ab le  22. M edia from a l l  29 p ro d u c tio n  sam ples gave 
p o s i t i v e  u r e a s e  r e a c t io n s  w i th in  4 h o u rs  fo llo w in g  in o c u la t io n  w ith  P. 
v u l g a r i s . However, 12 o f  29 sam ples d id  n o t  g iv e  th e  expec ted  weak 
p o s i t i v e  r e a c t io n  a t  22 h o u rs  w ith  E . c lo a c a e . W hile UA i s  used  p r i ­
m a r i ly  f o r  P ro te u s  d e te c t io n ,  a  d e la y e d  r e a c t io n  on UA i s  expec ted  
w ith  some members o f  th e  K le b s ie l l a - E n te ro b a c te r - S e r r a t i a  group 
(C h r is te n s e n , 1946). T here  w ere no f a l s e  p o s i t i v e s ;  a l l  29 sam ples 
in o c u la te d  w ith  E. c o l i  w ere  n e g a t iv e  a t  22 h o u rs .
R e a c tio n s  o f  3 s t r a i n s  in o c u la te d  on SC a g a r  a r e  g iv e n  in  
T ab le  23. T h ree  o f  44 tu b e s  in o c u la te d  w ith  E. c o l i  showed v i s i b l e  
grow th a lth o u g h  th e  c o lo r  o f  th e  i n d i c a t o r  was n o t changed . S in ce  
th e  inoculum  was d i lu te d  i n  s a l i n e  p r io r  t o  in o c u la t io n  to  p re c lu d e  
th e  p o s s i b i l i t y  o f  c a r ry o v e r  o f  n u t r i e n t s  (Edwards and Ewing, 1972, 
p . 3 4 3 ), th e  m edia a p p a re n tly  i n c o r r e c t l y  c o n ta in e d  some n u t r i e n t s  
fo r  th e  E. c o l i . F a i lu r e  to  p roduce  c o lo r  change can n o t be  i n t e r ­
p re te d  a s  a n e g a t iv e  r e a c t io n  s in c e  some organ ism s w hich u t i l i z e  
c i t r a t e  a s  a  s o le  so u rc e  o f  ca rb o n  do n o t p roduce such a change 
(Simmons, 1926). One tu b e  o f  44 in o c u la te d  w ith  P. a e ru g in o sa  and 
one o f  44 in o c u la te d  w ith  tvph im urium  w ere c l a s s i f i e d  u n a c c e p ta b le
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TABLE 21
REACTIONS OF TEST STRAINS WITH MOTILITY 
TEST MEDIUM (MOT) SAMPLED
R e a c tio n
24 h r . 48 h r .
Number o f  Samples
E. c o l l P. v u lg a r i s S . au reus
+ + 10 0 0
‘'w + 2 0 0
+ 0^ 2 0
— — 0 (10)C 12
T o ta l A cc e p ta b le 12 2 12
T o ta l Samples 12 12 12
P e rcen tag e  A c c e p ta b le 100 17 100
means grow th ex tends from s ta b  l i n e  b u t does n o t touch  
s id e  o f  tu b e , + means grow th ex tends to  s id e  o f  tu b e , - means 
n e g a t iv e .
hNo sam ples gave th e  r e a c t io n  s p e c i f i e d .
^Numbers in  p a re n th e s is  in d ic a te  u n a c c e p ta b le  r e s u l t s .
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TABLE 22
REACTIONS OF TEST STRAINS WITH 
UREA AGAR (UA) TESTED
R eac tio n ^ Number o f  Samples
2 h r . 4 h r . 22 h r .  E. c lo a c a e  E. c o l i  P. v u lg a r is
-  - - (12 )b 29 0
-  - +w 17 0 0
+ QC 0 7
"hf ‘'"w + 0 0 21
"̂ w + + 0 0 1
T o ta l  A c c e p ta b le 17 29 29
T o ta l  Sampled 29 29 29
P e rc e n ta g e  A c c e p ta b le 55 100 100
means re d  c o lo r  does n o t ex ten d  beyond o n e - th i r d  o f  th e  
d i s ta n c e  from  th e  b a se  o f th e  s l a n t  to  th e  bottom  o f th e  tu b e , + means 
re d  c o lo r  g r e a t e r  th a n  "*V, -  means n e g a t iv e .
^Numbers in  p a re n th e s is  in d i c a t e  u n a c c e p ta b le  r e s u l t s .
*̂ No samples gave the reaction specified.
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TABLE 23
REACTIONS OF TEST STRAINS WITH SIMMONS 
CITRATE AGAR (SC) SAMPLED
R eac tio n s^ Number o f  Samples
24 h r . 48 h r ,  120 h r . E. c o l i P. a e ru g in o sa  S. typhim uriura
- - - 41 0 0
- (2 )b 0 0
- + (1) 0 0
- + + OC (1) (1)
‘*w "*'w "*'w 0 0 (1)
'*’w + 0 0 (1)
"*w + + 0 0 3
+ + + 0 43 38
T o ta l A ccep tab le 41 43 41
T o ta l Sampled 44 44 44
P ercen tag e  A ccep tab le 93 98 93
means grow th o b se rv ed ; b lu e  c o lo r ,  i f  any , does no t 
ex tend  beyond o n e - th i r d  o f  th e  d is ta n c e  from th e  b a se  o f  th e  s la n t  
to  th e  bottom  o f th e  tu b e ;  -hneans b lu e  c o lo r  in  ex cess  o f  "̂ w;
-  means n e g a t iv e .
^Numbers in  p a r e n th e s is  in d i c a te  u n a c c e p ta b le  r e s u l t s .
CNo samples gave the reaction specified.
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due to  f a i l u r e  to  show any grow th a t  24 h o u rs .  T hree  tu b e s  o f  44 
in o c u la te d  w ith  typhim urium  showed some grow th a t  24 and 48 hours 
b u t  no ap p a re n t c o lo r  change w ith in  t h a t  t im e . Simmons (1926) in d ic a te s  
t h a t  a deep p ru s s ia n  b lu e  t i n t  sh o u ld  be  e v id e n t on th e  s l a n t  w ith in  
48 hou rs  a f t e r  in o c u la t io n  w ith  t h i s  o rgan ism .
D ecarboxy lase  r e a c t io n s  a r e  p re s e n te d  in  T ab le s  24 th rough  26. 
N eg a tiv e  r e a c t io n s  w ith  th e s e  m edia sh o u ld  ap p ea r as  a r a p id  ( l e s s  
th a n  20 h o u rs) c o lo r  change from p u rp le  to  y e llo w  w h ile  a  d e c a rb o x y la se  
p o s i t i v e  organism  w i l l  e l i c i t  a s im i la r  r a p id  change from  p u rp le  to  
y e llo w , fo llow ed  by a re c o n v e rs io n  to  p u rp le  w ith in  4 days (M o e lle r,
1955). A c o n tro l  tu b e , w ith o u t added amino a c id ,  was a l s o  in o c u la te d  
a s  a c o n t r o l .
The 10 sam ples o f  ly s in e  m edia responded  c o r r e c t l y ,  w ith  E. 
c o l i  and P. v u lg a r i s  b u t  6 o f  th e  10 tu b e s  gave f a l s e  p o s i t i v e  r e a c t io n s  
w ith  E. c lo a c a e . T h is  may be  a r e s u l t  o f  th e  s u b s t i t u t i o n  by D ifco  o f  
th e  pep tone  s p e c if ie d  in  th e  Falkow (1958) fo rm ula f o r  th e  s p e c ia l  
pep tone  o f  th e  M o e lle r (1955) fo rm u la . Ewing e t  a l  (1960) re p o r te d  th a t  
th e  Falkow form ula gave e q u iv o ca l r e s u l t s  w ith  th e  g e n e ra  K le b s ie l la  
and E n te ro b a c te r .
A c o r r e c t ly  n e g a t iv e  re s p o n s e  was ob serv ed  w ith  a l l  9 sam ples 
o f  a r g in in e  c o n ta in in g  d e c a rb o x y la se  m edia in o c u la te d  w ith  P. v u lg a r is  
b u t 2 o f  9 sam ples gave a  f a l s e  n e g a t iv e  w ith  E. c lo a c a e  and a s im i la r  
p o r t io n  w ere f a l s e l y  p o s i t i v e  w ith  tvph im urium . One tu b e  was 
c o r r e c t ly  p o s i t iv e  w ith  t h i s  o rg an ism  a t  22 and 48 h o u rs  b u t in e x p lic a b ly  
tu rn e d  n e g a tiv e  a t  th e  120 ho u r r e a d in g .
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TABLE 24
REACTIONS OF TEST STRAINS WITH MOELLERS LYSINE 
DECARBOXYLASE MEDIA (ML) SAMPLED
R eactions® Number o f  Sam ples
22 h r . 48 h r . 120 h r .  E. c lo a c a e E. c o l i  P . v u lg a r i s
- - 4 0 10
- +w + ( l ) b 0 0
+w "̂ w +w (2 ) 0 0
"*'w +w + (3 ) 0 0
+w + + OC 2 0
+ + +  0 8 0
T o ta l A ccep tab le 4 10 10
T o ta l Sampled 10 10 10
P e rc e n ta g e  A cc e p ta b le  40 100 100
a+w means brown c o lo r ,  + means p u rp le  c o lo r ,  -  means n e g a t iv e .
^Numbers in  p a r e n th e s is  in d i c a te  u n a c c e p ta b le  r e s u l t s .  
^No sam ples gave th e  r e a c t io n  s p e c i f i e d .
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TABLE 25
REACTIONS OF TEST STRAINS WITH MOELLERS ARGININE DECARBOXYLASE 
AND DIHYDROLASE MEDIA (MA) SAMPLED
R e a c tio n s^ Number o f  Samples
22 h r . 48 h r . 120 h r . E. c lo a c a e P. v u lg a r i s  S. typhim urium
- - - (2)b 9 (2)
- - QC 0 1
- - + 0 0 1
- +w + 0 0 4
■*w "•"w 2 0 0
+ + + 5 0 0
+ + - 0 0 (1)
T o ta l  A ccep tab le 7 9 6
T o ta l  Sampled 9 9 9
P e rc e n ta g e  Sampled 78 100 67
means brown c o lo r ,  +means p u rp le  c o lo r ,  -  means n e g a t iv e ,  
bNumbers in  p a r e n th e s is  i n d i c a t e  u n a c c e p ta b le  r e s u l t s .
^No samples gave the reaction specified.
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TABLE 26
REACTIONS OF TEST STRAINS WITH MOELLERS ORNITHINE 
DECARBOXYLASE MEDIA (MO) SAMPLED
R e a c tio n s^ Number o f  Samples
22 h r .  48 h r . 120 h r . E. c lo a c a e P. v u lg a r i s  S. typhim urium
- - - (2 )b 7 (3)
- + (1) 0 0
+ + + 6 (1) 6
+ - QC (1) 0
T o ta l A c c e p ta b le 6 7 6
T o ta l Sampled 9 9 9
P e rc e n ta g e  Sampled 67 78 67
means brown c o lo r ,  + means p u rp le  c o lo r ,  - means n e g a t iv e .  
^Numbers in  p a r e n th e s is  in d i c a te  u n a c c e p ta b le  r e s u l t s .
^No sam ples g ave  th e  r e a c t io n  s p e c i f i e d .
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E xam ination  o f  th e  d a ta  f o r  th e  9 sam ples o f  o r n i t h in e  m edia 
re v e a le d  th e  g r e a t e s t  number o f  d is c r e p a n c ie s .  T h ree  o f  9 sam ples 
gave f a l s e  n e g a t iv e  r e s u l t s  w ith  b o th  E. c lo a c a e  and tvphim urium  
su g g e s tin g  th e  amino a c id  may have been  l e f t  ou t o f  th e s e  p ro d u c tio n  
l o t s .  One tu b e  in o c u la te d  w ith  P. v u lg a r i s  was i n i t i a l l y  p o s i t i v e  a t  
22 hou rs  b u t co n v e rted  to  th e  c o r r e c t  n e g a t iv e  r e a c t io n  a t  48 h o u rs . 
T h is  r e s u l t  co u ld  be  e x p la in e d  by a d e la y  in  th e  g lu c o se  fe rm e n ta tio n  
re q u ire d  by a l l  t e s t  o rgan ism s in  o rd e r  to  o b ta in  m e an in g fu l r e s u l t s  
(M o e lle r, 1955).
A n a ly s is  o f  th e  r e s u l t s  o f  th e  sam ple o f  m o d ified  d ec a rb o x y la se  
m edia produced by a  p a r t i c ip a t in g  la b o ra to ry  re v e a le d  t h a t  th e  ly s in e ,  
a r g in in e  and o r n i th in e  c o n ta in in g  m edia a l l  produced ex p ec ted  r e a c t io n s  
w ith  each o f  th e  th r e e  t e s t  o rgan ism s. In  com parison , o n ly  8 o f  21 
sam ples o f  c o n v e n tio n a l d e c a rb o x y la se  media produced by t h i s  la b o ra to ry  
gave expected  r e a c t io n s  when t e s t e d  w ith  th e  same s t r a i n s .  The hypo­
th e s i s  th a t  th e  added a g a r  in  th e  m od ified  m edia would o b v ia te  th e  
need fo r  a m in e ra l o i l  o v e r la y  was n o t r e je c te d  by th e s e  t e s t s .
R e su lts  o f  in o c u la t io n  o f  14 sam ples o f  PA medium w ith  E. 
c lo a c a e  and P. v u lg a r i s  a r e  p re se n te d  in  T ab le  27. T h i r te e n  sam ples 
gave p o s i t iv e  t e s t s  w ith  P. v u lg a r i s  as  evidenced  by developm ent o f  a 
deep b lu e -g re e n  c o lo r  fo llo w in g  a d d i t io n  o f  th e  in d i c a to r  s o lu t io n .
One sam ple, w h ile  p o s i t i v e ,  gave an a t y p i c a l ,  v e ry  weak b lu e  r e a c t io n  
a lth o u g h  a  generous grow th was e v id e n t on th e  s u r f a c e  o f  th e  s l a n t  
(Ewing e t  a l ,  1957). Subsequent exam ination  o f  a gram s t a i n  o f  th e  
grow th from th e  weak a s  w e ll  as one o f  th e  s tro n g  r e a c t in g  tu b e s  
re v e a le d  no a p p a re n t m o rp h o lo g ica l d i f f e r e n c e s  s u g g e s tiv e  o f  a  mixed
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TABLE 27
REACTIONS OF TEST STRAINS WITH PHENYLALANINE 
AGAR (PA) SAMPLED
Number o f  Samples




T o ta l A cc e p ta b le 14 13
T o ta l Sampled 14 14
P e rc e n ta g e  A cc e p ta b le 100 93
a+.w means c o lo r  developed  s i g n i f i c a n t l y  l e s s  th a n  norm al, 
+ means f u l l  c o lo r  d ev e lo p ed .
^No sam ples gave th e  r e a c t io n  s p e c i f i e d .
'Numbers i n  p a re n th e s is  i n d i c a t e  u n a c c e p ta b le  r e s u l t s ,
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c u l tu r e .  A ll  14 sam ples in o c u la te d  w ith  p h e n y la la n in e  deam inase  n e g a t iv e  
E. c lo a c a e  gave a n e g a t iv e  t e s t .
Hydrogen Io n  C o n c e n tra tio n  o f  Agar P la t e  M edia
Hydrogen io n  c o n c e n tr a t io n s  w ere d e te rm in ed  f o r  a g a r  p l a t e  
sam ples r e p re s e n t in g  174 p ro d u c tio n  l o t s  o f  m ed ia . D e te rm in a tio n s  w ere 
made on a l l  sam ples exam ined fo r  grow th re sp o n se  ex ce p t w here th e  r e ­
q u ire d  f i f t h  p l a t e  was n o t  a v a i la b l e  b e c a u se  o f  c o n ta m in a tio n , b re a k a g e , 
e t c .  D e te rm in a tio n s  w ere  a l s o  made f o r  sam ples from  s e v e r a l  a d d i t io n a l  
l o t s  p rep a red  by th e  p a r t i c ip a t in g  l a b o r a to r i e s  w hich w ere  to o  sm all 
( l e s s  th a n  4) f o r  g row th  re sp o n se  t e s t i n g .
P re lim in a ry  s tu d ie s  w ere conducted  to  a s c e r t a i n  s u i t a b l e  m echanics 
fo r  m easurem ent o f  pH o f  a g a r  p l a t e  m edia . D ire c t  i n s e r t i o n  o f  th e  e l e c ­
tro d e s  was found to  b e  a c c e p ta b le  f o r  a g a r  s h e e ts  a p p ro x im a te ly  2.5mm 
th i c k .  T h in n er s h e e ts  p ro v id ed  in a d e q u a te  c o n ta c t  o f  th e  e le c tro d e s  
w ith  th e  m edia b u t by fo ld in g  th e  a g a r  s h e e t ,  th e  r e q u ir e d  d ep th  was 
o b ta in e d . M u lt ip le  pH d e te rm in a tio n s  w ere made o f  b o th  th i c k  and th in  
a g a r  p la te s  poured from  th e  same p ro d u c tio n  b a tc h .  No d i f f e r e n c e s  w ere 
n o ted  betw een th ic k  and fo ld e d  th i n  a g a r  s h e e ts .
Mean pH v a lu e s  o f  m u l t ip le  sam ples o f  11 d i f f e r e n t  a g a r  p la t e  
m edia c o l le c te d  o v e r th e  e ig h t  weeks o f  th e  s tu d y  from  12 l a b o r a to r ie s  
a r e  shown in  T ab le  28 . The number o f  sam ples o f  each m edia te s t e d  
ranged  from 1 to  12. The m a n u fa c tu re rs ' recommended f i n a l  pH i s  a ls o  
in d ic a te d .
O v e ra ll  a v e ra g e s  f o r  each m edia ex p re ssed  a s  th e  w e ig h ted  mean 
and th e  sim p le  mean re v e a le d  th a t  th e  t a r g e t  pH was exceeded in  5 c a s e s ,  
n o t reach ed  in  3 c a s e s  and eq u iv o ca l in  3 c a s e s .  The th r e e  m edia w ith
TABLE 28
MEAN HYDROGEN ION CONCENTRATION FOR AGAR P U T E  MEDIA SAMPLED
L a b o r a t o r y  Number
______________________________________________________    Mean^
M e d ia  T a r g e t *  W e ig h te d * ’ o [
T e s t e d  pH 1 2 3 4  5 6 7 8 9 10 1 Î 12 Mean Means
7 . 1 4 ** _  _  7 . 0 9  6 . 9 9  7 . 2 3  7 . 3 0  7 . 0 2  7 . 1 1  7 . 2 6  7 . 1 4  7 . 1 4
EMB 7 . 2  10 4  3 3 3 4 3 3 33 B
_  6 . 9 3  _  _  _  _  7 . 6 1  _ _ _ _ _ _  7 . 2 1  7 . 2 7
LEHB 7 . 1  6  4  10  2
_  7 . 6 8  _  7 . 4 6  7 . 4 8  7 . 5 3  7 . 5 4
•XLD 7 . 4  3  3 4  10 3
6 . 8 7  _  6 . 9 9  ____ __  7 . 1 5  _ _ _ _ _  6 . 9 7  7 . 0 0  7 . 0 0
MAC 7 . 1  4 8 4  1 17 4
6 . 8 8  7 . 2 6  ___  _  _  ____ __  __  _ _ _______  ___  6 . 9 2  7 . 0 7
DC 7 . 3  8 1 9 2
7 .5 1  _  7 ^  _  2 l â 2  _  6 . 9 3  7 . 3 9  7 . 0 6  _  7 . 3 1  7 . 2 6
SS 7 . 0  10 8 3 3 1 3 28
  _  7 . 3 1  _ _ _ _ _ _  6 . 6 0  _  6 . 9 4  7 . 1 6  6 . 9 5
BG 6 . 9  8 1 12 12 3
_  _  l é î  _ _ _ _ _ _ _ _  7 ^  7 . 5 7  7 . 5 1
BS v a r i e d ®  8 4  12 2
^ 8 . 0 5  7 . 5 9  7 . 6 4  7 . 7 8  7 . 5 4  7 . 5 8  7 . 4 8  7 . 7 0
HE v a r i e d  f   3---------- ~ T
7 . 1 3    6 . 5 8      _ _    _ _ _  7 . 0 8  6 . 8 6
S l l O  7 . 0  10 1 11 2
7 . 4 8  _  _  _  7 . 3 4  _  7 . 3 4  7 . 5 6  _  _  _  7 . 4 7  7 . 4 3
MSA 7 . 4  9 1 2 3 r r
^ F i n a l  pH v a l u e  r e c o i m e n d e d  b y  m a n u f a c t u r e r  (^n i fc o  a n d  BBL).
^ e a n  o f  a l l  t h e  i n d i v i d u a l  o b s e r v a t i o n s .
*=Mean o f  t h e  m ean s  f o r  e a c h  l a b o r a t o r y .
‘̂ Mcan o f  s a m p l e s / N u m b e r  o f  s a m p l e s .
^ D i f c c  » 7 . 7 ;  BBL a n d  S p e c i a l  f o r m u l a t i o n  u s e d  i n  Lab  n u m b er  3 = 7 . 5  
^ P f e i z  e r  = 7 . 6 ;  D i f c o  a n d  BBL = 7 . 5 .
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below  minimum pH a r e  o f  low s e l e c t i v i t y  w h ile  f iv e  m edia w ith  e x c e s s iv e  
pH w ere , w ith  th e  e x c e p tio n  o f  L ev in e  EMB, o f  a m o dera te  to  h ig h ly  
s e l e c t i v e  c h a r a c te r .  A d d i t io n a l ly ,  th e  h ig h ly  s e l e c t i v e  m edia ap p ea red  
to  e x h ib i t  a g r e a t e t  d iv e rg e n c e  in  mean pH betw een l a b o r a to r i e s .
A ccuracy d a ta  p re se n te d  in  T a b le  29 show th e  d e g re e  o f  su ccess  
by th e  p a r t i c ip a t in g  la b o r a to r ie s  in  p rod u c in g  a g a r  p l a t e  m edia w ith in  
th e  l im i t s  + 0 .2  o f  th e  m a n u fa c tu re r 's  recommended f i n a l  pH. P e rc e n ta g e  
o f  su c c e ss  betw een la b o r a to r ie s  c o n t r ib u t in g  6 o r  more sam ples ranged  
from 17 to  100 p e r c e n t .  The number o f  sam ples su b m itte d , ap p ro x im a te ly  
p ro p o r t io n a l  to  th e  number o f  d i f f e r e n t  m edia p roduced , ap p ea red  n o t to  
b e  f u n c t io n a l ly  r e l a t e d  to  th e  su ccess  in  m a in ta in in g  p ro p e r pH. W ith in  
l a b o r a to r i e s ,  th e  v a r i a t i o n  betw een m edia was q u i t e  pronounced . T h is  i s  
p a r t i c u l a r l y  a p p a re n t in  la b o ra to ry  number 1 . Of th e  seven  m edia p ro ­
duced by t h i s  la b o r a to r y ,  l e s s  th a n  25 p e rc e n t o f  th e  sam ples o f  4 m edia 
w ere a c c e p ta b le  w h ile  88 p e rc e n t o f  3 m edia w ere w ith in  l i m i t s .
A ccuracy f in d in g s  fo r  d i f f e r e n t  m edia ranged  from 36 to  86 
p e rc e n t f o r  m edia r e c e iv e d  from two o r  m ore l a b o r a to r i e s .  D ata p re ­
se n te d  re v e a le d  no a p p a re n t a s s o c ia t io n  betw een acc u racy  o f  pH and 
s e l e c t i v i t y  o f  th e  m ed ia .
F in d in g s  w ere a l s o  c o l la te d  to  show th e  r e p r o d u c i b i l i ty  a t t a in e d  
by each la b o ra to r y .  A sam ple mean was computed f o r  each medium from 
la b o r a to r i e s  su b m ittin g  two o r  more sam p les . Each pH m easurem ent was 
th e n  c a ta g o r iz e d  as m ee tin g  o r n o t m ee tin g  th e  s ta n d a rd  o f  sam ple mean 
p H ^ .2 .  The d e g re e  o f  su c c e ss  found f o r  each sam ple and th e  o v e r a l l  
su ccess  by la b o ra to ry  and by medium i s  p re se n te d  in  T ab le  30 . E ig h ty -  
seven  p e rc e n t o f  th e  t o t a l  o f  174 sam ples t e s t e d  met th e  c r i t e r i a  sam ple
TABLE 29




Media 1 2 3 4 5 6 7 8 9 10 11 12 Totals Percentage
EMB 10/10 - - 4/4 1/3 3/3 2/3 - 3/4 0/3 2/3 - 25/33 76
LEMB - - 5/6 - - - - 2/4 - - - - 7/10 70
XLD - 0/3 - 3/3 - 4/4 - - - - - - 7/10 70
MAC 1/4 - 5/8 - - 3/4 - - - - - - 9/16 56
BG - - 1/8 - - - - - - - - 3/3 4/11 36
BS - - 7/8 - - - - - - - - 0/4 7/12 58
SS 2/10 - 5/8 - 0/3 - - - 3/3 - 3/3 - 13/27 48
DC 1/8 - - - - - - - - - - - 1/8 13
HE 0/10 3/3 - 2/2 - - 2/3 3/3 2/2 - - - 12/23 52
MSA 8/9 - - - - - - 2/2 2/3 - - - 12/14 86
SllO 9/10 - - - - - - - - - - - 9/10 90
Totals 31/61 3/6 23/38 9/9 1/6 10/11 4/6 7/9 10/12 0/3 5/6 3/7 106/174
Percentage 51 50 61 100 17 91 67 78 83 0 83 43 61
^Shows number of samples falling within the limits : Manufacturers' target pH +0.2 out of
the total number sampled.
TABLE 30





Totals Percentage1 2 3 4 5 6 7 8 9 10 11 12
EMB 10/10 - - 4/4 3/3 3/3 2/3 - 4/4 1/3 1/3 - 28/33 85
LEMB - - 6/6 - - - - 1/4 - - - - 7/10 70
XLD - 3/3 - 3/3 - 4/4 - - - - 10/10 100
MAC 4/4 - 7/8 - - 3/4 - - - - - 14/16 88
BG - - 7/8 - - - - - - - 3/3 10/11 91
BS - - 7/8 - - - - - - - 4/4 11/12 92
SS 5/10 - 5/8 - 3/3 - - 3/3 - 3/3 - 19/27 70
DC 7/8 - - - - - - - - - - 7/8 88
HE 10/10 3/3 - 2/2 - - 3/3 3/3 2/2 - - - 23/23 100
MSA 9/9 - - - - - 2/2 1/3 - - - 12/14 86
SllO 10/10 - - - - - - - - - - 10/10 100
Total 55/61 6/6 32/38 9/9 6/6 10/11 5/6 6/9 10/12 1/3 4/6 7/7 151/174
Percentage 90 100 84 100 100 91 83 67 83 33 67 100 87
VO
®Shows number of samples falling within the sample mean +0.2 out of the total number sampled.
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mean pH + 0 .2 . O v e ra ll su c c e ss  f o r  l a b o r a to r i e s  s u b m ittin g  2 o r  more 
d i f f e r e n t  media ranged  from  67 to  100 p e rc e n t .  These d a ta  show t h a t ,  
o v e r a l l ,  th e  l a b o r a to r ie s  produced m edia o f  r a th e r  c o n s i s te n t  q u a l i ty  
w heth er th e y  w ere a c c e p ta b le  o r  n o t .  No p a r t i c u l a r  p a t te r n s  w ith  
r e s p e c t  to  m edia s e l e c t i v i t y  o r  o th e r  known v a r ia b le s  w ere n o te d .
However, ex am in a tio n  o f  th e  mean a c c e p t a b i l i t y  betw een m edia re v e a le d  
a p p a re n t d i f f e r e n c e s .  P e rc e n ta g e  su c c e s s  v a r ie d  from 70 p e rc e n t fo r  
L ev ine  EMB and SS a g a r  to  100 p e rc e n t f o r  XLD, HE and S llO .
Com parison o f  th e  d i f f e r e n c e s  betw een m edia w ith  r e s p e c t  to  
a cc u racy  and r e p r o d u c i b i l i ty  in d ic a te d  no g e n e ra l  p a t t e r n  o f  c o r r e l a t i o n  
betw een th e s e  two v a r i a b l e s .
E v a lu a tio n  o f  W ater Used to  R éh y d ra té  Media 
W aters u sed  f o r  p r e p a r a t io n  o f  c u l tu r e  m edia i n  fo u r  m edia p re ­
p a r a t io n  f a c i l i t i e s  w ere t e s t e d  f o r  s u i t a b i l i t y .  The r e s u l t s  a r e  shown 
in  T ab le  31. C l a s s i f i c a t i o n  as  to  a c c e p t a b i l i t y  was b ased  on a t o x i c i t y  
r a t i o .  T h is  r a t i o  i s  d e r iv e d  by d iv id in g  th e  v ia b le  p l a t e  co u n t o f  
E. c lo a c a e  grown i n  a m inim al medium d is s o lv e d  in  th e  unknown w a te r  by 
th e  co u n t o f  th e  same s t r a i n  grown in  th e  m inim al medium p re p a re d  w ith  
d o u b le  g la s s  d i s t i l l e d  w a te r .  T h is  p ro c e d u re  i s  f u r th e r  d e s c r ib e d  in  
C hap ter I I I .  The t o x i c i t y  r a t i o  i s  deemed a c c e p ta b le  by th e  APHA i f  
i t  f a l l s  w ith in  th e  ra n g e  0 .8  to  1 .2 .  W aters hav in g  a r a t i o  l e s s  th a n  
0 .8  a r e  c o n s id e re d  e x c e s s iv e ly  to x ic  w h ile  a r a t i o  in  ex cess  o f  1 .2  i s  
in d i c a t i v e  o f  th e  p re se n c e  o f  grow th prom oting  s u b s ta n c e s .  Hydrogen io n  
d e te rm in a tio n s  w ere  a ls o  perform ed on th e  sam p les.
V iab le  p l a t e  co u n ts  w ere made o f  th e  w a te r  sam p les . W hile  th e  
o rgan ism s which grew  o u t w ere no t i d e n t i f i e d ,  m acroscop ic  ex am in a tio n  o f
TABLE 31
QUALITY OF WATER USED TO REHYDRATE MEDIA IN SELECTED LABORATORIES
P ro c e s s in g Sam pling PRODUCT WATER
Sys tern F a b r ic a t io n P o in t APC& pH T o x ic ity  R a tio A ccep tab le
A
S ta in le s s  
S te e l  S t i l l
S t i l l
E f f lu e n t ^ 1 6 .6 1 .06 Yes
B
T in  L ined 
Copper S t i l l
D is t r ib u t io n
L ine 440 5 .1 0 .8 2 Yes
C
T in L ined 
Copper S t i l l
S t i l l
E f f lu e n t C l 6 .8 0 .4 1 No
D
B o r o s i l i c a t e  
G lass S t i l l
S t i l l
E f f lu e n t 2 6 .2 0 .8 8 Yes
E
R esin
D e m in e ra liz e r
D e m in e ra liz e r
E f f lu e n t 10,000 7 .4 1 .4 2 No
00
&A erob ic  P la t e  Count p e r  ml on TSA
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th e  p l a t e s  re v e a le d  th e  g row th  was o f  a un ifo rm  co lo n y  ty p e  w ith in  each 
sam ple b u t  d i f f e r e n t  betw een  sam p les .
P ro c e s s in g  sy stem  C w hich produced e x c e s s iv e ly  to x ic  w a te r  and 
p ro c e s s in g  s y s ta n  E w hich c o n ta in e d  grow th prom oting su b s ta n c e s  w ere 
b o th  lo c a te d  in  la b o ra to r y  number 12.
C o r r e la t io n  o f  M edia P erform ance w ith  O th er F a c to rs  S tud ied
Agar P l a t e  P erfo rm ance  v s  Hydrogen Io n  C o n c e n tra tio n
D ata fo r  s e v e ra l  a g a r  p l a t e  m edia w ere s t a t i s t i c a l l y  ana lyzed
f o r  c o r r e l a t i o n  betw een pH and p r o d u c t iv i ty .  A summary o f  th e s e  f in d in g s
i s  p re s e n te d  in  T ab les  32 and 33 . The " t h e o r e t i c a l  p r o b a b i l i ty "  ( ÿ ) ,
d e r iv e d  from  L i (1964, p . 4 4 3 ) , was g e n e ra te d  by  th e  fo rm ula
ÿ  = (n^) (n2)+(N-n]^) (N-U2) = N̂ nĵ N-n2Ni-2n]̂ n2 
N N
w here n^ = number o f  sam ples w ith  a c c e p ta b le  pH, n£ = number o f  sam ples
w ith  a c c e p ta b le  grow th and N = t o t a l  number o f  sam p les .
The " e x p e rim e n ta l p r o b a b i l i ty "  Qn) was com puted by th e  form ula
jn = n j  + n j 
N
w here n i  = number o f  sam ples w ith  b o th  a c c e p ta b le  pH and p r o d u c t iv i ty ,  
n j  = number o f  sam ples w ith  b o th  u n a c c e p ta b le  pH and p r o d u c t iv i ty  and 
N = t o t a l  number o f  sam p les .
T hese s t a t i s t i c s  w ere  an a ly zed  f o r  s i g n i f i c a n t  c o r r e l a t i o n  by 
th e  method o f  L i (1964, p . 456) w here th e  s t a t i s t i c
u  = V - u
IM T - 
4 N
and th e  p r o b a b i l i t i e s  y  and a r e  s ig n i f i c a n t l y  d i f f e r e n t  i f  u i s  le s s  
th a n  m inus 1 .96 o r  g r e a t e r  th a n  1 .9 6 .
TABLE 32




. COLI OR P.
GROWTH OF 
VULGARIS
Sample T h e o r e t ic a l E x p e rim e n ta l S ig n i f i c a n t  C o r r e la t io n
Media S iz e P r o b a b i l i ty P r o b a b i l i ty a t  5% L evel
LEMB 11 0.512 0.909 Yes
BG 11 0 .397 0 .182 No
SS 27 0 .^ 9 8 0 .852 Yes
00U)
T̂ iBLE 33
CORRELATION BETWEEN FAILURE TO CONTROL HYDROGEN 
ION CONCENTRATION AND ABERRANT




T h e o r e t ic a l
P r o b a b i l i ty
E x p e rim en ta l
P r o b a b i l i ty
S ig n i f i c a n t  C o r r e la t io n  
a t  5% L eve l
XLD 10 0 .540 0 .900 Yes
BG 11 0 .397 0 .182 No
SS 27 0 .512 0 .704 Yes
*
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D ata was n o t an a ly zed  fo r  each  c a s e  w here NOa) and N (I-/i)  w ere 
n o t b o th  g r e a t e r  th a n  5 (L i , 1964, p .  449) and w here ab sen ce  o f  c o r r e ­
l a t i o n  was n o te d  by in s p e c t io n .
Media Perform ance v e r s u s  Brand o f  Media 
R e s u l ts  o f  perfo rm ance e v a lu a t io n s  o f  b o th  a g a r  p l a t e  and b io ­
chem ica l t e s t  m edia d e ta i l e d  e a r l i e r  i n  t h i s  c h a p te r  w ere se g re g a te d  by 
m a n u fa c tu re r  and examined f o r  c o r r e l a t i o n  betw een m a n u fa c tu re r  and 
p r o d u c t iv i ty .  D ata was c o r re c te d  f o r  d i f f e r e n c e s  betw een l a b o r a to r ie s  
a s  p re v io u s ly  d e s c r ib e d .  No s i g n i f i c a n t  d i f f e r e n c e s  w ere  d e te c ta b le  
betw een m edia p re p a re d  from  D ifco  and BBL d eh y d ra ted  p ro d u c ts .  A s im i la r  
ex am in a tio n  was made f o r  c o r r e l a t i o n  betw een hydrogen io n  c o n c e n tra t io n  
o f  a g a r  p l a t e  m edia and b rand  o f  m ed ia . A gain, no c o r r e l a t i o n  betw een 
th e s e  f a c t o r s  was e v id e n t .  S even ty -tw o  p e rc e n t o f  m edia sam ples which 
w ere i d e n t i f i a b l e  by so u rce  w ere o f  D ifc o  o r ig in  w h ile  26 p e rc e n t w ere 
BBL p ro d u c ts .  P f e iz e r  b rand  o f  d e h y d ra te d  HE m edia, r e p r e s e n t in g  2 
p e rc e n t o f  m edia sam pled, was u sed  i n  3 l a b o r a to r i e s .
Agar P la t e  P erfo rm an ce  v s  Age o f  Media 
Age o f  a g a r  p l a t e  m edia was o b ta in e d  on 31 p e rc e n t o f  sam ples. 
D ec la red  ag e  ran g ed  from 0 to  35 day s  w ith  a mean o f  7 .1 .  No s i g n i ­
f i c a n t  c o r r e l a t i o n  was observed  betw een  age  and p r o d u c t iv i ty  excep t 
t h a t  th e  few sam ples o f  v e ry  o ld  m edia ( g r e a te r  th a n  th r e e  w eeks) w ere 
d e c id e d ly  i n f e r i o r .  However, i t  sh o u ld  b e  n o ted  t h a t ,  w here age  was 
g iv e n , 94 p e rc e n t  exceeded th e  th r e e  day s (36 h o u rs  f o r  Bism uth S u l f i t e )  
recommended by Edwards and Ewing (1972 , p . 12) a lth o u g h  88 p e rc e n t  d id  
n o t exceed 8 d a y s .
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Sam ples o f  6 d i f f e r e n t  m edia 7 and 14 days o ld  and f r e s h ly  
p rep a red  m edia w ere in o c u la te d  w ith  t h e  t e s t  s t r a i n s .  D if fe re n c e s  in  
p r o d u c t iv i ty  betw een th e  f r e s h  and aged  m edia a r e  l i s t e d  in  T a b le  34 
to g e th e r  w ith  th e  p e rc e n t w eigh t l o s s  d u r in g  s to ra g e .  G r e a te s t  r e p r e s s io n  
o f  grow th o c c u rre d  w ith  typh im urium  w here 3 o f th e  5 m edia sam pled 
showed reduced  grow th w ith  a g e . The maximum re p re s s io n  o f  grow th due 
to  age o c c u rre d  w ith  SS a g a r  w here 1 week o ld  m edia d em o n stra ted  a
1 lo g  g r e a t e r  r e p r e s s io n  o f  b o th  E . c lo a c a e  and S. typh im urium . A f te r
2 weeks s to r a g e ,  typhim urium  was r e p re s s e d  2 f u l l  lo g s  g r e a t e r  th a n  
th e  f r e s h  m ed ia . No changes i n  p r o d u c t iv i t y  due to  ag in g  w ere seen  w ith  
EMB, MAC, and S llO . P e rc e n t w e ig h t lo s s  was s im i la r  f o r  a l l  m edia and 
av erag ed  2 p e r c e n t .
Media P erfo rm an ce  vs O ther F a c to rs
B iochem ical t e s t  m edia sam pled  w ere  id e n t i f i e d  as  to  p h y s ic a l  
c h a r a c t e r i s t i c s  o f  th e  tu b e  and c o n t e n t s .  E ig h t l a b o r a to r ie s  u sed  screw  
capped tu b e  c lo s u r e s .  Media from  th e s e  la b o r a to r ie s  sco red  an a g g re g a te  
76 p e rc e n t s a t s i f a c t o r y .  T h is  com pares fa v o ra b ly  w ith  th e  o v e r a l l  av erag e  
(75 p e r c e n t ) .  E leven  o f  th e  655 tu b e s  (2 p e rc e n t)  from th e s e  l a b o r a to r ie s  
d is p la y e d  v i s i b l e  changes such a s  c ra c k in g  o r  d is c o lo r a t io n  o f  th e  ag a r 
s l a n t  and n o t i c e a b le  r e d u c t io n  in  vo lum e. Four o f th e s e  e le v e n  tu b e s  
(36 p e rc e n t)  w ere  u n s a t i s f a c to r y .
L a b o ra to ry  numbers 5 and 6 u se d  foam and c o t to n  p lug  c lo s u re s  
r e s p e c t iv e l y .  T hese l a b o r a to r ie s  s c o re d  an a g g re g a te  65 p e rc e n t  s a t i s ­
f a c to r y  w hich su g g e s ts  some o v e r a l l  d e t e r i o r a t i o n  due to  d e h y d ra t io n . 
T w en ty -e ig h t o f  th e  125 tu b e s  from la b o r a to r i e s  5 and 6 (22 p e rc e n t)  
had v i s i b l e  changes co m p a tib le  w ith  d e h y d ra t io n . Twelve o f  th e s e  28
TABLE 34
REPRESSION OF GROWTH ON ONE AND TWO WEEK OLD MEDIA IN EXCESS OF 
REPRESSION OBSERVED WITH FRESH MEDIA
Age




P e rc e n ta g e  
W eight Loss E. c lo a c a e E. c o l i P. v u lg a r i s S . tvphim urium
EMB 7 I 0>> 0 0 0
14 2 0 0 0 0
MAC 14 4 0 0 0 0
DC 7 2 0 1 0 1
SS 7 2 1 0 0 1
14 2 1 0 0 2
HE 7 2 0 0 0 0
14 4 0 0 0 1
S . a u re u s E. c o l i P. v u lg a r i s S . e p id e rm id is
S llO 7 2 0 0 0 0
14 2 0 0 0 0
00
N
* e x p re sse d  as  th e  d i f f e r e n c e  betw een  th e  exponen ts  o f  th e  maximum d i l u t i o n  a t  w hich grow th 
o c c u rre d  w ith  aged and w ith  f r e s h  m edia.
^no s i g n i f i c a n t  d i f f e r e n c e  betw een  aged and f r e s h  m edia.
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tu b e s  (43 p e rc e n t)  w ere u n s a t i s f a c to r y .  L a b o ra to ry  number 7 was 
u s in g  L y s in e  I ro n  Agar w ith o u t a  s l a n t  on th r e e  o f  th e  fo u r sam pling 
d a te s .  As e x p e c te d , th e s e  sam ples d id  n o t y ie ld  a c c e p ta b le  r e s u l t s .
W ater u sed  to  r e h y d ra te  m edia in  fo u r  l a b o r a to r ie s  was te s t e d  
f o r  to x ic  and grow th prom oting a g e n ts .  D ata was examined fo r  c o r r e l a t i o n  
betw een w a te r  t o x i c i t y  and m edia p erfo rm an ce . T h ree  la b o r a to r ie s  u s in g  
a c c e p ta b le  w a te r  produced 77, 81 and 83 p e rc e n t  a c c e p ta b le  a g a r  p l a t e  
and b io c h em ic a l t e s t  media r e s p e c t iv e ly  w h ile  la b o ra to ry  number 12 w hich 
used one w a te r  so u rce  showing to x ic  r e s id u e s  and a n o th e r  c o n ta in in g  
n u t r i e n t s  p roduced a c c e p ta b le  m edia o n ly  43 p e rc e n t o f  th e  tim e .
CHAPTER V
DISCUSSION
Q u a li ty  c o n t ro l  i s  e q u a l ly  im p o rtan t fo r  th e  sm all a s  w e ll  as 
th e  l a r g e  la b o ra to ry . T h e re fo re ,  te c h n iq u e s  f o r  m easurem ent o f  media 
q u a l i ty  th a t  a re  w ith in  th e  c a p a b i l i t y  o f m odestly  endowed l a b o r a to r ie s  
m ust b e  d e v ise d . Economic c o n s id e ra t io n s  p re c lu d e  th e  employment o f  
e l a b o r a te  equipment u s a b le  o n ly  f o r  m edia t e s t i n g ,  l a r g e  q u a n t i t i e s  o f 
expendab les ( in c lu d in g  th e  m edia to  b e  t e s t e d ) ,  s o p h is t i c a te d  s t a t i s ­
t i c s  and e x te n s iv e  la b o r .  The b a s ic  te ch n iq u es  employed in  t h i s  s tu d y  
w ere s e le c te d  fo r  t h e i r  s u i t a b i l i t y  f o r  u se  in  th e  sm all l a b o ra to r y .
The few d e v ia tio n s  from t h i s  p h ilo so p h y  w ere p e rm itte d  o n ly  to  f a c i l i ­
t a t e  th e  h an d lin g  o f  th e  l a r g e  numbers o f  sam ples t e s t e d  and a r e  no t 
r e q u ir e d  fo r  r o u t in e  t e s t i n g .
Seed c u l tu r e s  s u i t a b l e  f o r  u se  in  q u a l i ty  c o n t ro l  a r e  now a v a i l ­
a b le  from  se v e ra l vendors^^  b u t th e y  a re  in a d e q u a te  f o r  com prehensive 
m edia t e s t i n g .  A ll s h a re  th e  d e f ic ie n c y  o f  n o t in c lu d in g  th e  more 
f r a g i l e  and f a s t id io u s  g e n e ra . F u rth e rm o re , th e  com plex g row th  r e q u i r e ­
m ents o f  th e  om itted  o rgan ism s make them p a r t i c u l a r l y  s u s c e p t ib le  to  
d e f e c t s  in  media q u a l i ty .  A t t h i s  tim e , th e  o n ly  method f o r  m a in ta in in g
l^D ifco  L a b o ra to r ie s ,  D e t r o i t ,  M ichigan.
Hyland D iv is io n , T rav en o l L a b o ra to r ie s ,  C o sta  M esa,
C a l i f o r n ia
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read y  a v a i l a b i l i t y  o f  th e s e  organism s i s  to  e s t a b l i s h  a  s to c k  c u l tu r e  
c o l l e c t io n  u s in g  u l t r a  low te m p e ra tu re  f r e e z in g  o r  l y o p h i l i z a t io n  
te c h n iq u e s .  S in c e  such  c a p a b i l i ty  i s  n o t f e a s ib l e  f o r  th e  sm all 
la b o ra to r y ,  co m p le te  q u a l i t y  c o n t ro l  p ro ced u res  m ust a w a it th e  d ev e lo p ­
m ent o f  in n o v a tio n s  in  packag ing  tech n o lo g y  t h a t  c o u ld  p e rm it th e  
m ark e tin g  o f seed  c u l tu r e s  a t  a  low u n i t  c o s t  (Dumoff and I s e n b e rg ,
1967). T h is  problem  i s  u n d er s tu d y  by th e  la b o ra to r y  p ro d u c t in d u s try
(CDC, 1974c).
I t  was n e c e s s a ry  to  u se  te n  fo ld  d i l u t io n s  o f  t e s t  o rgan ism s
to  in o c u la te  a g a r  p l a t e s  due to  th e  w ide v a r i a t i o n  o b served  in  th e
d e n s i ty  o f  th e  r e c o n s t i t u t e d  su sp e n sio n s  (T ab le  6 ) .  I n o c u la t io n  o f  
th r e e  c o n s e c u tiv e  10 f o ld  d i l u t i o n s  in s u re d  th a t  th e  v ia b le  cou n t end 
p o in ts  would b e  m easured a c c u r a te ly .  I f  b a c t e r i a l  d is c s  w ith  a more 
re p ro d u c ib le  v ia b le  o rg an ism  d e n s i ty  w ere com m ercia lly  a v a i l a b l e ,  one 
o f  th e  fo llo w in g  im provem ents in  m ethodology co u ld  be  i n s t i t u t e d .  Fewer 
d i l u t io n s  co u ld  b e  u sed  w hich would r e q u i r e  a  s m a lle r  number o f  t e s t  
p la te s  o r  in te r m e d ia te  - - f o r  exam ple 2 f o ld — d i l u t i o n s  co u ld  be  em ployed. 
The l a t t e r  would in s u r e  d rop  co u n ts  o f  ad eq u a te  u n ifo rm ity  to  a llo w  th e  
m easurem ent o f  c o lo n y  d ia m e te rs  as  an  a d d i t io n a l  in d ex  u n in f lu e n c e d  by 
th e  number o f  c o lo n ie s  d ev e lo p in g  from th e  d ro p . The g r e a t e r  v a r i a t i o n  
observed  w ith  r e p l i c a t e  d rops  o f  th e  s ta p h y lo c o c c i may have been  due to  
a  n a tu r a l  p ro p e n s i ty  to  clump a n d /o r  a g r e a t e r  r e s i s t a n c e  to  b re a k in g  
o f  a g g re g a te s  ( S ta n ie r  e t  a l ,  1957, p . 106 ).
S tan d a rd s  o f  a c c e p ta n c e  fo r  th e  d e g re e  o f  grow th  o r  r e p r e s s io n  
o f  t e s t  s t r a i n s  on a g a r  p la te s  may b e  b ased  on c o l l a t e d  f in d in g s  from 
m edia " in  u se "  by m u l t ip l e  l a b o r a to r i e s .  However, th e  r e l i a b i l i t y  o f
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such s ta n d a rd s  i s  d i r e c t l y  r e l a t e d  to  t h e  numbers o f  r e p l i c a t e  samples 
t e s t e d .  The s ta n d a rd s  d e r iv e d  from t h e  d a ta  g e n e ra te d  i n  t h i s  s tu d y  
a r e  l im i te d  by t h e  sm all  numbers o f  samples b u t  i t  i s  su b m it te d  t h a t  
th e y  a r e  v a l i d  i n  p r i n c i p l e .
S tan d a rd s  o f  a c c e p ta n c e  (modal growth p a t t e r n s )  w ere d i f f i c u l t  
t o  d e f in e  i n  some c a s e s .  F or example, a f t e r  c o l l a t i o n  o f  t h e  d a t a  fo r  
t h e  growth o f  typhim urium  on SS a g a r  sam ples, grow th r e p r e s s i o n  was 
found to  be d i s t r i b u t e d  a lm o s t  e q u a l ly  between 2 , 3 and 4 lo g s  o f  
r e p r e s s io n  r e s u l t i n g  i n  a somewhat a r b i t r a r y  s e l e c t i o n  o f  a s ta n d a rd .
A modal d e g re e  o f  r e p r e s s i o n  was n e v e r th e le s s  i d e n t i f i a b l e  f o r  most 
media (T ab le  8 ) .
The b a s i c  p rem ise  o f  u t i l i z a t i o n  o f  th e  d rop  co u n t method as 
a  q u a l i t y  a s s a y  may be  q u e s t io n e d .  The h y p o th e s is  t h a t  changes  i n  
t h e  growth o r  r e p r e s s i o n  o f  p u re  c u l t u r e s  o f  t e s t  organ ism s on a g a r  
p l a t e s  i s  an  a p p r o p r i a t e  index  o f  t h e  m e d ia 's  a b i l i t y  t o  enhance th e  
d e t e c t i o n  o f  s e l e c t e d  organ ism s from c l i n i c a l  m a t e r i a l  h a s  n o t  been  
proven . For example, m edia in te n d e d  f o r  th e  i s o l a t i o n  o f  e n t e r i c  
pathogens a r e  i n o c u la te d  w i th  fe c e s  which i s  a  h e te ro g e n e o u s  su sp e n s io n  
o f  u ndefined  s o l i d s  in c lu d in g  a mixed p o p u la t io n  o f  b a c t e r i a  i n  a 
menstrum o f  unknown c o m p o s i t io n .  I n t e r a c t i o n  o f  t h i s  m a t e r i a l  w i th  
t h e  media, in c lu d in g  p o s s i b l e  synerg ism  a n d /o r  an tagon ism  betw een 
pathogens and commensals, may in f l u e n c e  th e  su ccess  o f  t h e  medium i n  an 
unknown way. However, p u re  c u l t u r e  t e s t  methods have  g a in ed  w ide  
a c c e p ta n c e  b ecause  some knowledge o f  media growth a n d /o r  r e p r e s s i v e  
a b i l i t y  was deemed e s s e n t i a l  i n  com prehensive q u a l i t y  c o n t r o l  m o n i to r in g  
p ro c e d u re s .  C onfidence  i n  t h e  s u i t a b i l i t y  o f  p u re  c u l t u r e  t e s t  methods
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could  be  s t r e n g th e n e d  by exam ina t ion  f o r  c o r r e l a t i o n  between media t e s t  
r e s u l t s  and pa thogen  i s o l a t i o n  r a t e s .
A p p l ic a t io n  o f  t h e  s ta n d a rd s  o f  a c c e p ta n c e  l i s t e d  i n  T a b le  8 
r e s u l t e d  i n  r e j e c t i o n  o f  37 p e rc e n t  o f  t h e  a g a r  p l a t e  media p ro d u c t io n  
samples (T ab le  9 ) .  The v a l i d i t y  o f  t h e s e  f in d in g s  a s  a  m easure o f  
s u i t a b i l i t y  must be  tempered by th e  a r t i f i c i a l i t y  o f  t h e  m easurem ents 
a s  n o ted  above. However, th e y  do r e p r e s e n t  a m easure o f  r e p r o d u c i b i l i t y  
between b a t c h e s .  E f f o r t s  made by t h e  media p r e p a r a t io n  p e rso n n e l  t o  
m inim ize d e v i a t i o n s  in  p ro d u c t io n  methods which r e s u l t  i n  v a r i a b l e  
r e s p o n s e  t o  t h e  t e s t  inoculum shou ld  p roduce  media o f  a  more c o n s i s t e n t  
q u a l i t y .  In  t h i s  s tu d y ,  marked v a r i a t i o n  was observed  in  th e  q u a l i t y  
o f  media produced i n  d i f f e r e n t  l a b o r a t o r i e s  (T ab le  1 0 ) .
B iochem ica l t e s t  media q u a l i t y  i s  more e a s i l y  a p p ra i s e d  th a n  
a g a r  p l a t e  media f o r  s e v e r a l  r e a s o n s .  F i r s t ,  i n o c u l a t i o n  w ith  p u re  
c u l t u r e  s t r a i n s  resem bles  t h e  " i n  u s e "  s i t u a t i o n  in  a way n o t  p o s s i b l e  
w ith  a g a r  p l a t e s .  Second, t a b l e s  o f  expec ted  r e s u l t s  accompany t h e  
t e s t  o rg an ism s .  T h i rd ,  d i f f e r e n c e s  i n  re sp o n se  a r e  o r d i n a r i l y  q u a l i ­
t a t i v e  r a t h e r  th a n  q u a n t i t a t i v e .
D e s p i te  th e s e  a p p a re n t  a d v a n ta g e s ,  s e v e r a l  d i f f i c u l t i e s  w ere  
encoun te red  in  t h e s e  s t u d i e s .  T ab les  o f  expec ted  r e s u l t s  p rov id ed  
w ith  th e  b a c t e r i a l  d i s c s  d id  n o t  p r e c i s e l y  d e f in e  th e  c o n d i t io n s  o f  
t h e  t e s t s .  Expected  r e a c t i o n s  may n o t  o c c u r  u n le s s  t h e  e x a c t  manner 
o f  i n o c u l a t i o n ,  in c u b a t io n ,  t im e  and te m p e ra tu re ,  r e a g e n ts  and i n t e r ­
p r e t a t i o n  a r e  s t a t e d  (S u lk in  and W i l l e t t ,  1940). F u r th e rm o re ,  w h i le  
a  t e s t  f o r  H2S may be s a id  to  b e  q u a l i t a t i v e ,  t h e  d e g re e  o f  p o s i t i v i t y  
must b e  d e f in e d .  A p ro d u c t io n  b a tc h  o f  SIM medium may show weak H2S
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p ro d u c t io n  w i th  P. v u l g a r i s  and th e re b y  be  c l a s s e d  a c c e p ta b l e  w h i le  a 
w i ld ,  weak H2S p roduc ing  s t r a i n ,  n o rm a l ly  p o s i t i v e  i n  t h i s  medium, may 
ap p ea r  a s  n e g a t iv e  when in o c u la te d  i n t o  t h i s  abnormal b a tc h  o f  SIM.
S im i la r  problems were encoun te red  by f a i l u r e  o f  th e  seed c u l t u r e  
m a n u fa c tu re r  to  s p e c i f y  t h e  co m p o si t io n  o f  th e  media used  to  com pile  
t h e  t a b l e s  o f  expec ted  r e s u l t s .  The s t r a i n  o f  P. v u l g a r i s , d e c la re d  
by t h e  m a n u fa c tu re r  t o  b e  weakly m o t i l e ,  was in o c u la te d  i n t o  samples 
o f  SIM medium c o n ta in in g  0 .3  p e rc e n t  a g a r  and m o t i l i t y  t e s t  medium 
c o n ta in in g  0 .4  p e r c e n t  a g a r .  R e s u l t s  ranged  from no o b s e rv a b le  m o t i l i t y  
t o  a p p a re n t  f u l l  m o t i l i t y .  I n  o rd e r  t o  i n t e r p r e t  such r e s u l t s ,  t h e  
q u a l i t y  c o n t r o l  a n a l y s t  must know: f i r s t ,  what c o n s t i t u t e s  a w eakly
m o t i l e  r e a c t i o n ;  second , th e  c o n c e n t r a t i o n  o f  a g a r  and o t h e r  c o n s t i ­
t u e n t s  o f  t h e  medium; t h i r d ,  what r e s u l t s  may be  expec ted  w i th  d i f f e r e n t  
c o n c e n t r a t i o n s  o f  a g a r  and o th e r  c o n s t i t u e n t s ;  and f o u r t h ,  a  s ta n d a rd  
method f o r  i n o c u l a t i o n  and in c u b a t io n  t im e  and te m p e ra tu r e .
A m o d if ied  d e c a rb o x y la se  medium proposed by a  p a r t i c i p a t i n g  
la b o r a to r y  was compared w ith  c o n v e n t io n a l  media u s in g  t h e  same methods 
employed f o r  t e s t i n g  perform ance o f  " i n  u se "  media and found to  y i e l d  
a c c e p ta b le  r e s u l t s .  These s tu d ie s  w ere  in c lu d ed  to  a s c e r t a i n  how th e  
t e s t  s t r a i n s  would respond  in  a m o d if ied  medium. A d d i t i o n a l l y ,  i t  would 
t e s t  t h e  s u i t a b i l i t y  o f  th e s e  te c h n iq u e s  f o r  e v a lu a t io n  o f  new formu­
l a t i o n s .  New b io c h em ic a l  t e s t  m edia, p a r t i c u l a r l y  th o s e  p rov ided  as 
k i t s  d es ig n ed  so t h a t  m u l t ip l e  p a ram e te rs  can be d e te rm in e d ,  become 
com m ercia lly  a v a i l a b l e  each y e a r .  E v a lu a t io n s  o f  such p ro d u c ts  u s u a l l y  
a p p e a r  i n  t h e  l i t e r a t u r e  a f t e r  some t im e  l a p s e .  C r i t i c i s m s  r e s u l t  when 
t h e  p ro d u c t does  n o t  y i e l d  r e s u l t s  e q u iv a le n t  t o  " c o n v e n t io n a l"  media 
when t e s t e d  w i th  s e v e r a l  s to c k  c u l t u r e s .  For example, Edwards and
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Ewing (1972, pp. 16 and 344) r e p o r t e d  t h a t  t h e  Falkow (1958) fo rm u la t io n  
f o r  d e c a rb o x y la s e  media y i e ld s  r e a c t i o n s  f o r  some g e n e ra  d i f f e r e n t  from 
t h e  M o e lle r  (1955) fo rm u la t io n  which th e y  a s s e r t  i s  t h e  s ta n d a rd .  In  
r e a l i t y ,  t h i s  i s  s im ply  a s ta te m e n t  o f  p r e f e r e n c e .  I f  t h e  r e s u l t s  
w i th  t h e  new method w ere r e p r o d u c ib le ,  t h e  c o n d i t io n s  o f  t h e  t e s t s  w e l l  
d e f in e d  and t a b l e s  o f  expected  r e a c t i o n s  c o n s t ru c te d  from s t u d i e s  w i th  
m u l t i p l e  s t r a i n s  a v a i l a b l e ,  th e n  i t  sh o u ld  be  a c c e p ta b l e  f o r  u s e .  
R e je c t io n  o f  new p ro d u c ts  fo r  f a i l u r e  t o  a g re e  w ith  e s t a b l i s h e d  methods 
may r e t a r d  t h e  developm ent and a c c e p ta n c e  o f  in n o v a t io n s  i n  a p p l ie d  
m ic ro b io lo g y .
Perform ance e v a lu a t io n  o f  a g a r  p l a t e  and b io c h em ic a l  t e s t  media 
i s  t h e  f i n a l  s te p  p r i o r  t o  a c c e p ta n c e  o r  r e j e c t i o n  o f  a p a r t i c u l a r  
p ro d u c t io n  b a t c h .  However, i t  i s  by n a t u r e  r e t r o s p e c t i v e .  I f  t h e  
p roduce does n o t  meet s p e c i f i c a t i o n s ,  t h e  e n t i r e  p ro d u c t io n  b a tc h  must 
b e  r e j e c t e d  s in c e  i t  would o r d i n a r i l y  b e  im p o ss ib le  t o  c o r r e c t  t h e  
d e f e c t i v e  u n i t s .  The s o lu t i o n  t o  p r o d u c t io n  o f  s a t i s f a c t o r y  p ro d u c ts  
i s  to  c a r e f u l l y  c o n t r o l  each s t e p  i n  t h e  p ro d u c t io n  p r o c e s s .  One such 
p o in t  o f  c o n t r o l  i s  t h e  hydrogen io n  c o n c e n t r a t i o n .
C a p a b i l i t y  f o r  a c c u r a te  e l e c t r o m e t r i c  measurement o f  pH i s  a 
b a s i c  n e c e s s i t y  i n  t h e  media p ro d u c t io n  f a c i l i t y .  For t h e s e  s t u d i e s ,  
a pH p r e c i s i o n  o f  + 0 .01  was u t i l i z e d  i n  o r d e r  t o  d e t e c t  sm all  d i f f e r ­
e n c e s .  However, most p u b l ish e d  t o l e r a n c e s  a r e  e x p re ssed  i n  t e n t h s  o f  
a  pH u n i t  f o r  which even m odestly  p r i c e d  in s t ru m e n ts  a r e  a d e q u a te .
In  an  e f f o r t  to  s im p l i fy  t h e  m echanics o f  pH measurement, i t  
was found p o s s i b l e  to  make measurements o f  a g a r  p l a t e  media d i r e c t l y  
i n  t h e  p l a t e  r a t h e r  th a n  f i r s t  t r a n s f e r r i n g  t h e  media to  a s e p a r a t e
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c o n t a i n e r ,  thus  sav in g  b o th  a n a l y s t  t im e  and g la s s w a re .  However, 
c o n f ig u r a t i o n  o f  some e l e c t r o d e s  may r e q u i r e  i n s e r t i o n  t o  a  d ep th  
g r e a t e r  th a n  t h a t  o b ta in e d  w i th  a s i n g l e  o r  fo ld e d  a g a r  s h e e t .  I f  
rep la cem e n t o f  t h e  e l e c t r o d e s  i s  n o t  f e a s i b l e ,  t h e  a g a r  can  b e  m acera ted  
i n  a  s u i t a b l e  cup and t h e  r e q u i r e d  d ep th  th e re b y  o b ta in e d .
Hydrogen io n  c o n c e n t r a t i o n  measurements w ere c o l l a t e d  so a s  to  
r e v e a l  t h e  accu racy  and r e p r o d u c i b i l i t y  a t t a i n e d .  O v e ra l l  a c c u ra c y  
w ith  r e s p e c t  to  m a n u fa c tu re r s '  recommended f i n a l  pH o f  t h e  media t e s t e d  
was 61 p e rc e n t  (T ab le  29) which i n d i c a t e d  a  g e n e ra l  f a i l u r e  o f  t h e  
p a r t i c i p a t i n g  l a t o r a t o r i e s  to  c o n t r o l  t h i s  p a ra m e te r .  However, a n a l y s i s  
o f  t h e  r e s u l t s  f o r  i n d i v id u a l  media r e v e a le d  marked v a r i a t i o n  i n  pH 
ac c u ra c y  between media; t h e  q u a l i t y  was found to  be  e i t h e r  r a t h e r  
u n ifo rm ly  good o r  abysm ally  b ad .  C o n v e rse ly ,  r e p r o d u c i b i l i t y  s t u d i e s  
showed g e n e r a l ly  good r e s u l t s  f o r  each media (w ith  t h e  e x c e p t io n  o f  SS 
a g a r )  r e s u l t i n g  i n  an o v e r a l l  a c c e p t a b i l i t y  o f  87 p e r c e n t  (T ab le  3 0 ) .  
These d a t a  i n d i c a t e  p r o d u c t io n  te c h n iq u e s  a r e  c o n s i s t e n t  w i th  r e s p e c t  
to  v a r i a b l e s  a f f e c t i n g  pH b u t  t h a t  p ro d u c t io n  p e rso n n e l  a r e  a p p a r e n t ly  
unaware o f  th e  pH o f  t h e i r  p ro d u c ts .
The q u a l i t y  o f  p u r i f i e d  w a te r  depends, i n  p a r t ,  on t h e  n a t u r e  
o f  t h e  w a te r  p ro c e s s e d .  W hile  a l l  w a te r  p ro cessed  f o r  u s e  i n  media 
o r i g i n a t e d  from t h e  same m u n ic ip a l  su p p ly ,  t h e  d e g re e  o f  m i n e r a l i z a t i o n  
d i f f e r e d  w ith  th e  g eo g rap h ic  a r e a  from which i t  was drawn and from 
day to  day w i th in  each a r e a .  Samples o f  w a te r  in c o rp o r a te d  i n t o  c u l t u r e  
media by fou r  p a r t i c i p a t i n g  l a b o r a t o r i e s  w ere  examined f o r  s e v e r a l  
p a ra m e te rs .  The r e s u l t s  o f  t h e s e  s tu d i e s  a r e  p r e s e n te d  i n  T ab le  31.
The low pH found i n  w a te r  from system  B was n o t  un ex p ec ted  s i n c e  a
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r e s e r v o i r  and d i s t r i b u t i o n  system  would a l lo w  f o r  a b s o r p t i o n  o f  CO2 
th u s  d r iv i n g  t h e  pH down.
System C, a  f o r t y - y e a r - o l d  t i n  l i n e d  copper  s t i l l ,  was found 
to  p roduce  d e c id e d ly  t o x i c  w a te r .  E xam ina t ion  o f  th e  s t i l l  c o n s t r u c t io n  
r e v e a le d  some t i n  l i n e d  copper tu b in g  had been  r e p la c e d  w i th  u n l in e d  
copper and o th e r  s u r f a c e s  were s u s p e c t  r e g a rd in g  t h e  i n t e g r i t y  o f  th e  
t i n  l i n i n g .  R e s u l t in g  c o n ta m in a t io n  o f  t h e  w a te r  w i th  c o p p e r  cou ld  
be  r e s p o n s ib l e  f o r  t h e  t o x i c i t y  d e t e c t e d  s in c e  t h e  t e s t i n g  method i s  
e x q u i s i t e l y  s e n s i t i v e  to  copper (Ronald  and M o r r i s ,  1967).
System E, a  r e s i n  d e m in e r a l i z e r ,  p roduced  w a te r  y i e l d i n g  a 
t o x i c i t y  r a t i o  i n d i c a t i n g  t h e  p re s e n c e  o f  grow th  prom oting  s u b s ta n c e s .  
T h is  cou ld  be  caused  by a b u i ld -u p  o f  b a c t e r i a l  mass on t h e  r e s i n  bed 
s lo u g h in g  o f f  as  w a te r  i s  passed  th ro u g h .  P h y s ic a l  exam ina t ion  showed 
a  g e l a t i n o u s  m a t e r i a l  on t h e  s u r f a c e  o f  t h e  r e s i n  and t h e  r e s i n  had 
a n o t i c e a b l e  odor.
A erob ic  p l a t e  coun ts  o f  t h e  w a te r  r e v e a le d  an  ex tre m e ly  h igh  
p l a t e  coun t f o r  t h e  p ro d u c t  from t h e  r e s i n  d e m in e r a l i z e r  which i s  
c o n s i s t e n t  w ith  t h e  o b s e rv a t io n s  n o te d  above . A m o d e ra te ly  h ig h  count 
was n o te d  i n  t h e  w a te r  from system  B compared t o  t h e  o th e r  t h r e e  s t i l l s .  
S in c e  t h i s  sample was ta k e n  from t h e  d i s t r i b u t i o n  system , t h i s  e le v a te d  
coun t may be  e x p la in e d  by t h e  t im e  d e l a y  be tw een  p r o d u c t io n  and sampling 
which p rov ided  t im e  f o r  some b a c t e r i a l  g row th .
The d i s t i l l e d  w a te r  s u i t a b i l i t y  t e s t  employed i n  t h e s e  s tu d ie s  
i s  a  r a t h e r  t im e  consuming method o f  q u a l i t y  a s s a y .  However, i t  does 
n o t  r e q u i r e  s o p h i s t i c a t e d  in s t r u m e n ta t io n  and i s  q u i t e  s e n s i t i v e .  
A c c e p ta b le  a l t e r n a t i v e s  a r e  n o t  known to  b e  a v a i l a b l e .  S in c e  t im e
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s p e n t  i n  th e  perform ance  o f  t h e  t e s t  would n o t  be  a p p r e c ia b ly  in c re a s e d  
w ith  an  in c r e a s e  i n  t h e  number o f  sam ples , i t  cou ld  be f e a s i b l e  f o r  
s e v e r a l  l a b o r a t o r i e s  t o  s h a r e  t h e  r e s p o n s i b i l i t y  f o r  t h i s  d e te rm in a t io n .
L abo ra to ry  number 12 u t i l i z e d  w a te r  from two p ro c e s s in g  system s; 
one found to  be to x i c  and one found to  have a  h ig h  b a c t e r i a l  coun t and 
ev idence  of growth prom oting s u b s ta n c e s .  The a g a r  p l a t e  media produced 
by t h i s  f a c i l i t y  was o f  t h e  lo w e s t  q u a l i t y  found i n  th e  tw e lv e  l a b o ra ­
t o r i e s  sampled w ith  o n ly  43 p e r c e n t  o f  th e  p l a t e s  sampled showing 
a c c e p ta b le  growth o f  t h e  t e s t  o rg an ism s.  This  ty p e  o f  c o r r e l a t i o n  
emphasizes th e  n e c e s s i t y  f o r  docum en ta tion  o f  p ro d u c t io n  p r a c t i c e s  
and m a te r i a l s  c o n c u r r e n t ly  w i th  perfo rm ance t e s t i n g .
F a u l ty  pH has  been  in c r im in a te d  a s  a c au se  o f  media f a i l u r e  
b u t  d i r e c t  e f f e c t s  on t h e  p r o d u c t i v i t y  o f  a g a r  p l a t e  media have n o t  
been  w e l l  documented. These s t u d i e s  r e v e a le d  s i g n i f i c a n t  c o r r e l a t i o n  
between pH and p r o d u c t i v i t y  o f  LEMB, SS and XLD a g a r  p l a t e  media. 
E xam ination f o r  c o r r e l a t i o n  betw een  pH and growth o f  typhimurium 
was computed s e p a r a t e l y  s i n c e  a l l  o f  th e  ty p e s  o f  ag a r  p l a t e  media 
t e s t e d  should s u p p o r t  t h e  grow th  o f  t h i s  o rgan ism . C o n v erse ly ,
E. c lo a c a e , E. c o l l  and P. v u l g a r i s  a r e  v a r i a b l y  i n h i b i t e d  by th e  
s e v e r a l  ty p e s  o f  m ed ia .  Both r e p r e s s i o n  o f  commensals and growth o f  
typhimurium ap p ea red  to  b e  r e l a t e d  to  f l u c t u a t i o n s  i n  pH. I t  should  
be  no ted  t h a t  th e  in a c c u r a c i e s  i n  pH may have been  caused by th e  
p h y s ic a l  and chem ica l f a c t o r s  enumerated i n  C h ap te r  I I ,  such as  o v e r ­
h e a t in g  and r e c o n s t i t u t i o n  w i th  a c id  w a te r ,  o r  by o th e r  f a c t o r s  n o t  
y e t  i d e n t i f i e d .  These  f a c t o r s  may w e l l  have induced  o th e r  changes in  
t h e  media a f f e c t i n g  i t s  a b i l i t y  t o  su p p o r t  growth w h i le  pH changes may
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be o n ly  an innocuous s i d e  e f f e c t .  T h e re fo re ,  s t u d i e s  des igned  to  
m easure t h e  e f f e c t  o f  pH on p r o d u c t i v i t y  o f  c u l t u r e  media by adding 
a c id  o r  b a s e  would n o t  n e c e s s a r i l y  p e rm it  v a l i d  in f e r e n c e s  t o  be made 
r e g a rd in g  t h e  im p l i c a t io n s  o f  pH changes caused  by c a r e l e s s  p ro d u c t io n  
m ethods.
U n s a t i s f a c t o r y  media perfo rm ance  may be caused  by d e f e c t i v e  
commercial d eh y d ra ted  media o r  media components. However, a n a l y s i s  
o f  t h e  d a t a  g e n e ra te d  i n  t h i s  s tu d y  r e v e a le d  no ev idence  l i n k in g  
d e v i a t io n s  i n  p r o d u c t i v i t y  o r  pH t o  t h e  b rand  o f  m a n u fa c tu re r .  I n c r e a s ­
ing  p r e s s u r e  from r é g u lâ t ;  a g e n c ie s  has  undoub ted ly  had a p o s i t i v e  
in f l u e n c e  on q u a l i t y  c o n t r o l  i n  t h e  m an u fac tu r in g  p l a n t .  For example, 
W allace  (1972) in d i c a t e d  t h a t  most o f  t h e  Transgrow c u l t u r e  media 
b e in g  m arke ted  a t  t h a t  t im e  f a i l e d  q u a l i t y  c o n t r o l  t e s t s  performed a t  
t h e  cu e .  The q u a l i t y  o f  commercial media su b se q u e n tly  improved u n t i l  
t h e  CDC l i s t e d  17 m a n u fa c tu re rs  s u b m it t in g  gonorrhea  c u l t u r e  media 
which passed  t h e i r  q u a l i t y  c o n t r o l  t e s t s  (1974b).
A ccep tance  o f  a  p ro d u c t io n  b a tc h  based  on s u c c e s s f u l  r e s p o n se  
t o  q u a l i t y  c o n t r o l  t e s t s  shou ld  n o t  b e  i n t e r p r e t e d  as an i n d e f i n i t e  
g u a ra n te e  o f  q u a l i t y  o f  t h a t  b a t c h .  S to re d  media may become d e f e c t i v e  
i n  s e v e r a l  ways. D e fec ts  may be  r e a d i l y  a p p a re n t  such as  changes 
induced  by f r e e z i n g .  However, problem s a t t r i b u t a b l e  to  ag ing  may 
deve lop  long  b e f o r e  v i s i b l e  changes o c c u r .  These s tu d i e s  d id  no t 
r e v e a l  s i g n i f i c a n t  d i f f e r e n c e s  betw een  sample l o t s  t h a t  cou ld  be 
a t t r i b u t e d  t o  ag e .  However, 94 p e r c e n t  o f  th e  a g a r  p l a t e  samples t e s t e d  
w ere  o v er  3 days o ld  and t h e r e f o r e  n o t  w i th in  optimum age l i m i t s .  
C onc lus ions  r e g a rd in g  t h e  e f f e c t s  o f  ag e  would r e q u i r e  com parison w ith
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f r e s h  m edia. An a b b r e v i a te d  s tu d y  was conducted  to  t e s t  t h e  e f f e c t s  of 
ag ing  under c o n t r o l l e d  c o n d i t i o n s .  W hile th e  number o f  sam ples was 
sm a l l ,  ag a r  p l a t e s  w ere o bse rved  t o  d im in ish  i n  q u a l i t y  a f t e r  s to r a g e  
f o r  7 days and f u r t h e r  d e t e r i o r a t e  a f t e r  an a d d i t i o n a l  7 d ay s .  The 
l a r g e s t  d i f f e r e n c e s  w ere observed  w ith  SS a g a r  i n  which s u b s t a n t i a l  
r e p r e s s io n  o f  typhim urium  was observed  to  o ccu r  a s  s t o r a g e  tim e 
in c re a s e d .  C o in c id e n t a l l y ,  t h i s  media was found to  e x h i b i t  t h e  low est 
p e rc e n t  a c c e p t a b i l i t y  o f  any a g a r  p l a t e  media r o u t i n e l y  sampled f o r  
perform ance e v a l u a t i o n .  D e t e r i o r a t i o n  o f  media due to  ag e  i s  a t  l e a s t  
p a r t i a l l y  a t t r i b u t a b l e  t o  d e h y d ra t io n  a l th o u g h  d e t e r i o r a t i o n  may be 
de layed  by u s e  o f  a i r  t i g h t  packaging (Horan, 1959).  W hile  p r im a r i ly  
co n s id e re d  a  problem w ith  a g a r  p l a t e s ,  d e h y d ra t io n  a l s o  o ccu rs  i n  tubed 
media w ith  perm eable  c l o s u r e s .
P a r t i c i p a t i n g  l a b o r a t o r i e s  produced b io c h e m ic a l  t e s t  media w ith  
c o t to n  p lu g ,  foam p lu g ,  lo o s e  f i t t i n g  m e ta l cap and screw  cap c l o s u r e s .  
Permeable c l o s u r e s ,  i n  g e n e r a l ,  performed l e s s  w e l l  th a n  media in  
screw capped tu b e s .  As ex p ec ted ,  g r e a t e r  d e h y d ra t io n  was observed  in  
tu b e s  w ith  perm eable  c l o s u r e s ,  a f a c t o r  which was shown to  r e s u l t  in  
poor media p e rfo rm ance .  W hile tubed  media i s  b e l i e v e d  to  have  a s h e l f  
l i f e  o f  s ix  months t o  one y e a r  (B io q u e s t ,  1973; D ifc o ,  1974), t h i s  i s  
p re d ic a te d  on m a in ten a n ce  o f  an a i r t i g h t  s e a l .  Perm eable  c lo s u re s  
may be  s a t i s f a c t o r y  i f  t h e  media i s  used p rom ptly .
The m i c r o b io l o g i s t  i s  c o n f ro n te d  w ith  p r e s s u r e  from bo th  
r e g u la to r y  a g e n c ie s  and pee r  groups to  i n s t i t u t e  q u a l i t y  c o n t r o l  p ro­
cedu re s  in  th e  l a b o r a to r y  (CDC, 1967). S tudy o f  t h e  l i t e r a t u r e  
r e v e a l s  a p l e th o r a  o f  recommendations by a u t h o r i t a t i v e  so u rc e s  which.
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i f  f u l l y  im plem ented, would be  o f  p r o h i b i t i v e  c o s t  and , i n  any c a s e ,  o f  
dub ious v a l u e .  T h e re fo re ,  t h e  m i c r o b i o l o g i s t  must e s t a b l i s h  p r i o r i t i e s  
and u s e  th o s e  most e s s e n t i a l  p ro c e d u re s  t h a t  a r e  w i th in  h i s  r e s o u r c e s .
F or c u l t u r e  m edia, t h e s e  p ro c e d u re s  can be  grouped a s :  (1) c o n t r o l
o f  raw m a t e r i a l s  ( e . g . ,  d e h y d ra te d  m ed ia ,  w a te r ,  en richm ents  and g l a s s ­
w a re ) ;  (2) c o n t r o l  o f  p ro d u c t io n  ( e . g . ,  h e a t in g  and s t e r i l i z a t i o n  p ro ­
c e s s e s )  and (3) c o n t ro l  o f  f i n i s h e d  p ro d u c t  ( e . g . ,  p r o d u c t i v i t y  t e s t i n g  
and pH m easurem ent) .
The a n a l y s t  shou ld  c o n s id e r  t h e  q u a l i t y  o f  raw m a te r i a l s  and 
perform  q u a l i t y  t e s t i n g  where f e a s i b l e .  Such t e s t i n g  cou ld  in c lu d e  
s t e r i l i t y  t e s t i n g  o f  en r ich m en ts  and check ing  c l e a n l i n e s s  o f  g la s s w a re  
w ith  pH i n d i c a t o r  s o lu t io n s  a s  an  in d e x  o f  r e s i d u a l  d e t e r g e n t s .  D ehydra ted  
media and media components shou ld  b e  o b ta in e d  from so u rces  which p e rfo rm  
q u a l i t y  c o n t r o l  t e s t i n g  on t h e i r  p r o d u c ts  and w i l l  p ro v id e  r e s u l t s  o f  
such t e s t i n g  to  th e  consumer.
P ro d u c t io n  c o n t r o l  c an  b e  enhanced by t r a i n i n g  media p r e p a r a t i o n  
p e rso n n e l  i n  p roper  media p r o d u c t io n  te c h n iq u e s  and a c c u r a t e  re c o rd  
k e e p in g .  These re c o rd s  sh o u ld  i d e n t i f y  p ro d u c t io n  l o t s ,  document 
t e m p e ra tu re  and tim e and l i s t  l o t  numbers o f  in g r e d ie n t s  and o th e r  
m e asu re ab le  v a r i a b l e s  s u s p e c te d  to  i n f l u e n c e  media q u a l i t y .
F i n a l l y ,  th e  f i n i s h e d  p ro d u c t  shou ld  be t e s t e d  f o r  i t s  a b i l i t y  
to  g iv e  a c c e p ta b l e  r e s u l t s  when c h a l le n g e d  w ith  a p p r o p r i a t e  t e s t  
o rg an ism s .  Knowledge o f  t e s t  o rg an ism  c h a r a c t e r i s t i c s  must be  a s c e r ­
t a in e d  and c r i t e r i a  e s t a b l i s h e d  to  e v a l u a t e  t h e i r  r e sp o n se  on th e  
media t e s t e d .  In c lu s io n  o f  a  p o r t i o n  o f  media from a p re v io u s  b a tc h  
w i l l  h e l p  d e t e c t  and n e u t r a l i z e  d e v i a t i o n s  i n  a p p r a i s a l  t e c h n iq u e s .
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P e r io d ic  com parison  w i th  q u a l i t y  m edia from an o u t s i d e  so u rc e  would 
enhance t h e  r e l i a b i l i t y  o f  t h e s e  t e s t s .
O th e r  t e s t s ,  such a s  pH m easurem ents , would p ro v id e  a d d i t i o n a l  
i n d i c e s  o f  q u a l i t y .  However, an a b e r r a n t  pH shou ld  be  c o n s id e re d  as  
a  s ig n  t h a t  p r e p a r a t i o n  te c h n iq u e s  o r  components may be  o u t  o f  c o n t ro l  
and n o t  s im ply  a s  an  i n d i c a t i o n  t h a t  a c id  o r  a l k a l i  sh o u ld  be added 
to  t h e  n e x t  b a t c h .  F in i s h e d  p ro d u c t  t e s t i n g  i s  u s e f u l  o n ly  i f  i t  
i s  fo l lo w ed  by ex am in a t io n  and c o r r e c t i o n  o f  p r o d u c t io n  m ethods.
Where c a p a b i l i t y  f o r  t e s t i n g  o f  a p a ra m e te r  i s  n o t  f e a s i b l e ,  
a s s i s t a n c e  from o t h e r  l a b o r a t o r i e s  on  a  s h a r e  o r  f e e  b a s i s  should  be  
c o n s id e r e d .  I f  a d e q u a te  t e s t i n g  can n o t  be  perform ed o r  o b ta in e d ,  
c o n s i d e r a t i o n  sh o u ld  b e  g iv e n  t o  p u rc h a se  o f  q u a l i t y  checked , p repared  
m edia .
Once checked ,  media should  b e  s to r e d  so as  to  m inim ize d e t e r i ­
o r a t i o n  i f  n o t  u sed  im m ed ia te ly .  A i r t i g h t  packag ing  shou ld  be  used 
f o r  a g a r  p l a t e  m edia and screw  capped c l o s u r e s  f o r  tu b e d  media. Time 
l i m i t s  f o r  s to r a g e  can  be  e s t a b l i s h e d  by s tu d y  o f  t h e  l i t e r a t u r e  bu t 
such recom mendations shou ld  be  con firm ed  by t e s t i n g  o f  media s to r e d  
a t  t h e  maximum age  s u g g e s te d .
M a n u fa c tu re rs  can  b e  e x p ec ted  to  re sp o n d  to  marked demands f o r  
q u a l i t y  c o n t r o l  t e s t i n g  a i d s .  Technology p e r m i t t i n g ,  in d u s t r y  w i l l  
p ro b a b ly  m arket a  w ide  ra n g e  o f  t e s t  o rg an ism s,  p e rhaps  des ig n ed  so 
as  t o  be  used  i n  a  system  s i m i l a r  t o  a n t i b i o t i c  s e n s i t i v i t y  t e s t i n g ,  
a t  a  low u n i t  c o s t .  O ther l a b o r  s a v in g  in n o v a t io n s  i n  s u p p l ie s  and 
equipment may b e  ex p ec ted  t o  r e d u c e  t h e  o v e r a l l  c o s t s  o f  q u a l i t y  
c o n t r o l .
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F u tu re  r e s e a r c h  w i l l  have t o  p ro v id e  more d e f i n i t i v e  d a t a  a s  to  
what c r i t e r i a  shou ld  be  met and t h e i r  r e l a t i v e  im portance .  Minimum 
s ta n d a rd s  and t o l e r a n c e s  may n o t  n e c e s s a r i l y  be  th e  same f o r  a l l  
pa ram ete rs  w i th  d i f f e r e n t  m edia. For example, one medium may p e rm it  
a  w ide pH t o l e r a n c e  and have a  s h o r t  s h e l f  l i f e  w h i le  a n o th e r  may be 
t h e  r e v e r s e .  F u r th e rm o re ,  more work needs t o  be  done to  t i e  p ro d u c t io n  
p r a c t i c e s  to  media q u a l i t y .
A p r e r e q u i s i t e  t o  such s t u d i e s  i s  agreem ent on s ta n d a rd iz e d  
p r o d u c t i v i t y  t e s t s .  T h is  w i l l  r e q u i r e  d e f i n i t i o n  o f  s ta n d a rd iz e d  
( e . g . ,  American Type C u l tu re  C o l l e c t io n )  s t r a i n s  to  be u sed ,  s ta n d a rd  
c o n d i t io n s  o f  t e s t i n g  and s ta n d a rd  i n t e r p r e t a t i o n  o f  r e s u l t s .  Most 
im p o r ta n t ly ,  s ta n d a rd s  f o r  media u sed  w ith  mixed c u l t u r e s  and c l i n i c a l  
specimens w i l l  h ave  to  be  l in k e d  t o  t e s t s  w i th  a c t u a l  specimens to  
i n s u r e  a c c e p ta n c e  c r i t e r i a  c o r r e l a t e  a c c u r a t e l y  w ith  e f f e c t i v e n e s s  o f  
th e  m edia .
CHAPTER VI
SUMMARY
Methods f o r  q u a l i t y  c o n t r o l  o f  b a c t e r i o l o g i c a l  c u l t u r e  media 
were e v a lu a te d  f o r  t h e i r  s u i t a b i l i t y  f o r  u s e  by sm all  l a b o r a t o r i e s .  
S ev e ra l  p ro ced u re s  w ere s e le c te d  which w ere  b e l i e v e d  to  combine 
. e f f e c t i v e n e s s ,  s i m p l i c i t y  and low c o s t .  Omission o f  th e  more 
f r a g i l e  and f a s t i d i o u s  b a c t e r i a l  s p e c ie s  from c u r r e n t l y  m arketed 
conven ience  packaged t e s t  organism s was o bse rved  to  c o n s t i t u t e  a 
s i g n i f i c a n t  b a r r i e r  t o  g e n e ra l  im p lem en ta t io n  o f  e f f e c t i v e  media 
e v a lu a t io n  by t h e  sm a ll  l a b o r a to r y .
Methods s e l e c t e d  were a p p l ie d  to  samples o f  ag a r  p l a t e  and 
b iochem ica l t e s t  c u l t u r e  media o b ta in e d  from tw e lv e  a r e a  m ic ro b io lo g y  
l a b o r a t o r i e s  o v e r  a p e r io d  o f  e ig h t  w eeks. T h is  p e rm i t te d  e v a lu a t io n  
o f  th e  m e thods ' s u i t a b i l i t y  f o r  u s e  as  a  q u a l i t y  c o n t r o l  p ro ced u re  
and, a t  t h e  same t im e ,  produced q u a n t i t a t i v e  measurements o f  c u l t u r e  
media i n  u s e  by t h e  l a b o r a t o r i e s .  Media p a ram e te rs  measured in c lu d e d  
re sp o n se  to  i n o c u l a t i o n  w ith  t e s t  o rg an ism s ,  pH, p h y s ic a l  c h a r a c t e r i s ­
t i c s  and q u a l i t y  o f  w a te r  used i n  t h e  p r e p a r a t i o n  o f  media.
P erfo rm ance  e v a lu a t io n  o f  a g a r  p l a t e  media sampled r e q u i r e d  
th e  e s ta b l i s h m e n t  o f  s ta n d a rd s  o f  a c c e p ta n c e  f o r  re sp o n se  fo l lo w in g  
in o c u la t i o n  o f  t e s t  s p e c i e s .  Using t h e s e  s t a n d a r d s ,  37 p e r c e n t  o f  t h e
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ag a r  p l a t e s  sampled were r e j e c t e d .  However, i n t e r p r e t a t i o n  o f  p roduc­
t i v i t y  t e s t s  u s in g  pure  c u l t u r e s  may b e  tenuous u n t i l  i t  can  be  demon­
s t r a t e d  t h a t  such t e s t s  p a r a l l e l  r e s u l t s  w i th  a c t u a l  spec im ens . Media 
p r o d u c t i v i t y  v a r i e d  s u b s t a n t i a l l y  betw een l a b o r a t o r i e s .
B iochem ical t e s t  media sampled w ere  s i m i l a r l y  e v a lu a te d  by 
in o c u la t i o n  w i th  t h e  t e s t  o rgan ism s.  The media re s p o n s e  was compared 
to  s ta n d a rd s  o f  a c c e p ta n c e  c o n s t r u c te d  from t a b l e s  o f  expec ted  b i o ­
chem ical a c t i v i t y  enc losed  w ith  t h e  b a c t e r i a l  d i s c s ,  supplem ented  by 
i n t e r n a l  d a t a  g e n e ra te d  i n  th e  c o u rs e  o f  t h i s  s tu d y .  T ab les  o f  expected  
r e a c t io n s  proved d i f f i c u l t  to  ap p ly  d i r e c t l y  due to  t h e  o m iss io n  o f  
t e s t i n g  c o n d i t io n s  such as  media fo rm u la ,  in c u b a t io n  t im e  and tem pera­
t u r e  and d e f i n i t i o n s  o f  p o s i t i v e ,  n e g a t iv e  and in t e r m e d ia te  r e a c t i o n s .  
A p p l ic a t io n  o f  t h e  s ta n d a rd s  o f  a c c e p ta n c e  r e s u l t e d  i n  r e j e c t i o n  o f  
25 p e rc e n t  o f  t h e  p ro d u c t io n  l o t s  sam pled.
Hydrogen io n  d e te rm in a t io n s  w ere performed on a g a r  p l a t e  media 
sampled. The d a t a  showed i r r e g u l a r  com pliance  w ith  t h e  s ta n d a rd s  s e t  
by d ehydra ted  media m a n u fa c tu re r s .  F o r ty  n in e  p e rc e n t  o f  t h e  p l a t e s  
sampled were o u t s i d e  t h e  p r e f e r r e d  l i m i t s .  R e s u l t s  o f  pH measurements 
w ere a l s o  examined f o r  r e p r o d u c i b i l i t y .  Good agreem ent was found 
between samples c o l l e c t e d  from each l a b o r a to r y .  O v e r a l l ,  87 p e rc e n t  
o f  t h e  samples w ere w i th in  +0 .2  pH u n i t s  o f  th e  mean o f  t h e  samples 
from th e  same la b o r a to r y  (T ab le  3 0 ) .
W ater used  t o  r e h y d r a t e  media was t e s t e d  f o r  to x i c  o r  growth 
promoting r e s i d u e s  and pH and a e ro b ic  p l a t e  count d e te r m in a t io n s  were 
made. One l a b o r a to r y  u s in g  w a te r  o f  u n s a t i s f a c t o r y  q u a l i t y  was found 
to  produce t h e  lo w es t  q u a l i t y  a g a r  p l a t e  media among th e  l a b o r a t o r i e s  
sampled.
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Perform ance  o f  media w i th  t e s t  organism s was measured f o r  c o r ­
r e l a t i o n  w i th  pH, brand  o f  m edia ,  ag e  and p h y s ic a l  o b s e r v a t i o n s .  S ta ­
t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  was observed  betw een perfo rm ance  
o f  a g a r  p l a t e  media and pH. P erfo rm ance  o f  b io c h em ic a l  t e s t  media 
was found to  be lower q u a l i t y  when d isp e n se d  i n  tu b e s  w i th  perm eable  
c l o s u r e s .
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